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PREFACE 


This  report  Is  one  of  a  series  describing  the  results  of  the  U.S.  Army 
Coastal  Engineering  Research  Center  (CERC)  Beach  Evaluation  Program.  One 
aspect  of  the  program,  and  the  subject  of  this  report.  Is  to  provide  basic 
engineering  Information  on  changes  In  the  volume  of  sand  on  beaches  above 
mean  sea  level,  and  on  changes  in  shoreline  position,  as  obtained  from  long¬ 
term  beach  survey  projects.  The  11-year  study  on  Long  Beach  Island,  New 
Jersey,  was  begun  shortly  after  the  catastrophic  storm  of  5  to  9  March  1962. 

The  work  was  carried  out  under  the  CERC  beach  behavior  and  restoration  program. 

The  report  was  prepared  by  Martin  C.  Miller  (principal  Investigator), 

Science  Applications,  Inc.  (SAI),  Raleigh,  North  Carolina;  David  G.  Aubrey, 

Woods  Hole  Oceanographic  Institution,  Massachusetts;  and  Joseph  Karpen,  SAI, 
under  CERC  contract  No.  DACW72-79-C-0020.  Beach  profile  surveys  were  per¬ 
formed  by  the  U.S.  Army  Engineer  District,  Philadelphia,  under  the  supervision 
of  H.  Spies,  except  for  a  period  in  1963  and  1964  when  the  work  was  contracted 
to  Mauzy,  Morrow  and  Associates  of  Lakewood,  New  Jersey.  Visual  wave  data 
were  contributed  by  P.  Kief  and  H.  Wilson.  M.V.  Fleming,  T.J.  Lawler,  J. 
Buchanan,  and  B.  Sims  developed  the  CERC  computer  programs  used  for  editing, 
analyzing,  and  displaying  the  beach  profile  data.  Eigenfunction  analysis  pro¬ 
grams  were  written  by  D.  Aubrey.  J.L.  Miller,  J.A.  Tamowskl,  and  K.P. 

Zlrkle  assisted  In  data  reduction.  The  authors  acknowledge  and  appreciate 
the  helpful  review  comments  from  G.  Ashley,  W.  Blrkemeler,  A.  DeWall,  E.  Hawley, 
B.  LeMehaute,  and  C.L.  Vincent. 

A.E.  DeWall  was  the  contract  monitor,  under  the  general  supeirvision  of  R.M. 
Sorensen,  Chief,  Coastal  Processes  and  Structures  Branch,  CERC. 

Comments  on  this  publication  are  Invited. 
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Multiply 

by 

To  obtain 

inches 

25.4 

millimeters 

2.54 

centimeters 

square  inches 

6.452 

square  centimeters 

cubic  inches 

16.39 

cubic  centimeters 

feet 

30.48 

centimeters 

0.3048 

meters 

square  feet 

0.0929 

square  meters 

cubic  feet 

0.0283 

cubic  meters 

yards 

0.9144 

meters 

square  yards 

0.836 

square  meters 

cubic  yards 

0.7546 

cubic  meters 

miles 

1.6093 

kilometers 

square  miles 

259.0 

hectares 

knots 

1.852 

kilometers  per  hour 

acres 

0.4047 

hectares 

foot-pounds 

1.5558 

newton  meters 

millibars 

1.0197  X  10‘3 

kilograms  per  square  centimeter 

ounces 

28.55 

grans 

pounds 

453. C 

grams 

0.4536 

kilograms 

ton ,  long 

1.0160 

metric  tons 

ton ,  short 
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metric  tons 

degrees  (angle) 

0.01745 

radians 

Fahrenheit  degrees 

5/9 

Celsius  degrees  or  Kelvins^ 

^To  obtain  Celsius  (C)  teirperature  readings  from  Fahrenheit  (F)  readings, 
use  formula:  C  •  (5/9)  (F  -32), 

To  obtain  Kelvin  (K)  readings,  use  formula:  K  *  (5/9)  (F  -32)  *  273.15. 
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BEACH  CHANGES  AT  LONG  BEACH  ISLAND,  NEW  JERSEY,  1962-73 


i>y 

Martin  C.  Miller,  David  G.  Aubrey,  and  Joseph  Karpen 
I .  INTRODUCTION 

Beach  profile  data  from  32  profile  stations  along  the  oceanslde  of  Long 
Beach  Island,  New  Jersey,  from  Barnegat  Inlet  at  the  north  end  of  the  Island  to 
the  Brigantine  National  Wildlife  Refuge, about  4  kilometers  north  of  Beach  Haven 
Inlet,  were  collected  from  1962  to  1973  by  the  U.S.  Army  Engineer  District, 
Philadelphia, as  part  of  the  U.S.  Army  Coastal  Engineering  Research  Center  (CERC) 
Beach  Evaluation  Program  (BEP)  (formerly  known  as  the  Pilot  Program  for  Improv¬ 
ing  Coastal  Storm  Warnings  or  the  Storm  Warning  Program).  The  BEP  was  Initiated 
after  the  Great  East  Coast  Storm  of  March  1962  to  observe  variations  on  typical 
beaches  In  response  to  waves  and  tides  of  specific  intensity  and  duration. 

Twelve  beaches  In  the  region  hardest  hit  by  that  storm  (Massachusetts  to  North 
Carolina)  are  under  study  In  this  program.  The  movement  and  the  devastation  of 
the  March  1962  storm  are  described  In  U.S.  Congress  (1962),  U.S.  Army  Engineer 
Division,  North  Atlantic  (1963)  and  Bretschnelder  (1964).  Other  important 
applications  of  the  BEP  Include  use  of  the  data  In  generating  a  predictive 
model  of  beach  erosion  (Galvin,  1969)  and  in  providing  representative  values 
of  basic  engineering  Information  for  the  planning  and  design  of  protective 
structures  or  remedial  measures  for  stabilizing  and  maintaining  beaches  (Everts, 
1973). 

This  report  presents  an  analysis  of  the  beach  profile  data  collected  at 
Long  Beach  Island,  documents  the  locations  of  the  profile  lines,  and  evaluates 
the  relationship  of  changes  In  beach  elevation,  sand  volume,  and  shoreline 
position  to  changes  In  waves,  water  level,  sediment  size  and  supply,  storm 
events,  and  coastal  structures.  The  analysis  Includes  a  review  of  previous 
studies  in  the  area  to  determine  the  relevant  long-term  trends  in  waves,  winds, 
and  tides. 

Variability  in  the  shape  of  the  beach  profile  was  analyzed  using  the  empir¬ 
ical  eigenfunction  technique  as  well  as  by  other  standard  methods  performed  at 
CERC.  Changes  were  evaluated  on  three  time  scales:  (a)  short-term  changes 
caused  by  Individual  storms  or  events  occurring  between  surveys;  (b)  seasonal 
changes  observed  over  the  typical  3-month  season;  and  (c)  long-term  changes  that 
occur  yearly.  Spatial  variability  In  both  the  shore-parallel  and  shore-normal 
directions  was  analyzed  to  determine  the  effects  of  coastal  structures  and 
systematic  changes  caused  by  variable  wave  refraction  and  other  factors.  Partic¬ 
ular  emphasis  has  been  given  to  the  effects  of  storms  and  to  the  evaluation  of 
the  closely  spaced  profile  data  obtained  within  the  vicinity  of  a  selected  groin 
field. 


II.  THE  STUDY  AREA 


1 .  Geography  and  Geomorphology. 

Long  Beach  Island  (Fig.  1)  Is  a  barrier  Island  located  along  the  coast  of 
southern  New  Jersey.  It  separates  the  Atlantic  Ocean  and  three  shallow  bays 
and  associated  salt  marsh  areas,  each  of  which  extends  along  approximately  equal 
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thirds  on  the  island's  western  side.  The  bays,  from  north  to  south,  are 
Barnegat  Bay,  Manhawkin  Bay,  and  Little  Egg  Harbor.  No  major  rivers  contrib¬ 
ute  to  the  bay  waters.  These  are  connected  to  the  ocean  through  Barnegat 
Inlet  at  the  north  end  and  Beach  Haven  Inlet  at  the  south  end.  Both  inlets 
are  areas  of  active  sediment  transport.  The  island  has  an  east-southeast  ex¬ 
posure  of  32  kilometers  of  nearly  straight  sand  beach  consisting  of  quartz 
sand  with  median  diameter  of  0.35  millimeter  (Ramsey  and  Galvin,  1977).  Tides 
are  semidiurnal  with  the  normal  range  varying  from  0.88  to  1.52  meters  at 
neap  and  spring  tides,  respectively.  Tide  data  from  the  recording  station  at 
Atlantic  City  have  been  nearly  continuous  since  1911.  An  analysis  of  water 
levels  at  Atlantic  City  from  1912  to  1953  indicates  a  rise  in  sea  level  at  an 
average  rate  of  42.7  centimeters  per  100  years.  The  trend  appears  to  continue 
during  the  period  1954-65  (U.S.  Army  Engineer  District,  Philadelphia,  1974). 

The  beach  area  from  the  Barnegat  lighthouse  to  the  Brigantine  National  Wildlife 
Refuge  is  heavily  structured  with  110  groins,  83  of  which  have  been  built  or 
rebuilt  during  the  period  1962-73  (Everts  and  Czerniak,  1977).  "Critical"  ero¬ 
sion  is  said  to  exist  along  this  stretch  of  beach  (U.S.  Army  Engineer  District, 
Philadelphia,  1974).  The  net  sediment  transport  is  toward  the  south  (Caldwell, 
1966) .  The  island  is  narrow  and  of  generally  low  elevation  with  a  nearly  con¬ 
tinuous  sand  dune  (5  to  8  meters  above  MLW)  extending  along  the  ocean  front.  Most 
development  has  taken  place  landward  of  the  dune,  but  some  houses  have  been  built 
directly  on  the  dune  crest.  Plantings  of  American  beachgrass,  drift  fences,  and 
limited  boardwalk  beach  access  sites  have  been  established  to  help  preserve  the 
remaining  undeveloped  dunes  (Fig.  2).  Though  the  beaches  and  dunes  are  active, 
the  basic  shape  has  varied  little  over  the  years  from  1955  to  1965  (U.S.  Army 
Engineer  District,  Philadelphia,  1974).  The  dune  slope  is  about  1:5  while  the 
beach  berm,  from  the  base  of  the  dune  to  MLW, slopes  about  1:15.  The  foreshore 
slope  increases  somewhat  during  the  winter  to  1:12  (Blrkemeier,  1979).  The 
only  access  to  the  mainland  is  provided  by  U.S.  Highway  72,  along  a  10-kilo¬ 
meter  causeway.  Because  it  is  relatively  low  lying  and  heavily  populated.  Long 
Beach  Island  may  suffer  extensive  physical  and  economic  damage  during  storms. 

2.  Littoral  Processes  . 

The  New  Jersey  barrier  beaches  have  been  periodically  surveyed  since  1840. 
Analyses  of  the  beach  profile  data  as  well  as  measurements  of  nearshore  bathym¬ 
etry  and  contours  of  the  1.83-,  3.66-,  and  5.49-meter  isobaths  are  presented  in 
Beach  Erosion  Board  (1958)  and  U.S.  Army  Engineer  District,  Philadelphia  (1974) 
along  with  a  summary  of  the  general  location  of  the  high  water  shoreline  from 
1840  to  1965.  The  studies  indicate  that  the  beaches  at  Long  Beach  Island  have 
undergone  periods  of  erosion  and  accretion  that  varied  in  magnitude  and  con¬ 
clude  that  recession  has  been  the  general  trend  along  the  entire  island. 

Barnegat  Inlet,  at  the  northern  end  of  the  Island,  is  stabilized  by  a  pair  of 
converging  stone  jetties  which  were  in  various  stages  of  construction  from  1926 
to  1942  (Fig.  3).  Though  sediment  transport  is  still  extremely  active  in  the 
inlet,  the  jetties  have  stopped  the  southerly  migration  of  this  end  of  the 
island,  which  averaged  10  meters  per  year  during  the  period  1840  to  1936.  The 
history  of  jetty  construction  and  the  problems  associated  with  inlet  stabiliza¬ 
tion  have  been  reviewed  by  Caccese  and  Spies  (1977).  The  stone  jetties  are  the 
site  of  a  large  ebb  tidal  delta  asymmetric  toward  the  south.  A  large  sand  wedge, 
which  has  accumulated  along  the  north  jetty  at  the  south  end  of  Island  Beach 
State  Park,  provides  evidence  of  net  southerly  transport.  Waves  refracting 
around  the  ebb  tidal  delta  cause  a  local  area  of  northerly  transport  under  most 
conditions  Immediately  south  of  the  south  jetty.  Winds  from  the  east  and  southeast 


b.  View  south  from  profile  line  5,  showing  develop¬ 
ment  on  the  dunes  and  the  line  of  wave  drifted 
material  at  the  base  of  the  dune  scarp. 


Figure  2.  Views  of  the  different  techniques  used  to  preserve  the 
undeveloped  dunes  on  Long  Beach  Island. 


(2 


Figure  2. 


views  of  the  different  techniques  used  to  preserve  the 
undeveloped  dunes  on  Long  Beach  Island. — Continued 
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cause  northerly  transport  on  both  sides  of  the  Inlet.  A  nodal  zone,  north  of 
which  transport  is  predominantly  northerly  and  south  of  which  it  is  southerly, 
has  been  postulated  to  exist  north  of  Bamegat  Inlet  based  on  the  relative 
orientations  of  the  shoreline  and  the  prevailing  direction  of  wave  approach 
(U.S.  Army  Engineer  District,  Philadelphia,  1974).  Beach  Haven  Inlet,  at  the 
southern  end  of  the  Island,  is  unstructured  and  remains  extremely  active  with 
shifting  tidal  channels  and  bar  formations  occasionally  blocking  the  inlet 
completely  (U.S.  Army  Engineer  District,  Philadelphia,  1974).  The  shoreface 
morphology  of  the  southern  end  of  Long  Beach  Island  was  studied  by  Goldsmith, 
Farrell,  and  Goldsmith  (1974)  in  an  effort  to  document  the  dynamic  nature  of 
the  shoreface  system.  Beach  profiles  collected  over  a  1-year  period  were  used 
to  calculate  changes  in  sand  volume  per  unit  length  of  beach.  The  authors 
concluded  that,  despite  large  biweekly  variations,  there  was  a  lack  of  total 
net  volumetric  change  at  many  of  the  measured  profiles.  In  many  cases,  the 
biweekly  fluctuations  exceeded  the  net  annual  changes  over  the  study  period. 

They  also  concluded  that,  unlike  most  west  coast  beaches,  the  Long  Beach  Island 
profiles  exhibited  no  seasonal  cycle  of  erosion  and  recovery.  There  were,  in 
fact,  cases  in  which  net  volumetric  change  occurred  in  opposite  directions  at 
adjacent  profiles.  Other  studies  summarizing  beach  changes,  inlet  processes 
over  various  time  scales,  as  well  as  wave  and  climate  conditions  during  the 
BEP  study  Include  Plusquellac  (1966),  Charlesworth  (1968),  Darling  (1968), 

Halsey  (1968),  and  Dames  and  Moore  (1973,  1974).  Bretschneider  (1964)  pro¬ 
vided  a  detailed  description  of  processes  occurring  along  the  island  during 
the  March  1962  storm.  The  net  sand  transport  along  the  beaches  of  115,000 
cubic  meters  per  year  toward  the  south  was  estimated  from  dredging  records 
of  Barnegat  Inlet  (Beach  Erosion  Board,  1958;  U.S.  Army,  Corps  of  Engineers, 
Coastal  Engineering  Research  Center,  1977).  Changes  to  the  strand  of  beaches 
between  the  two  inlets  during  the  1963  to  1973  study  period  have  been  the  sub¬ 
ject  of  two  additional  lnvestigatlons--one  dealing  with  the  short-term  altera¬ 
tions  caused  by  a  specific  storm  (DeWall,  Pritchett  and  Galvin,  1977),  the  other 
an  evaluation  of  some  long-term  changes  (Everts  and  Czerniak,  1977).  A  major 
storm  event  affecting  the  beaches  after  the  termination  of  the  BEP  measure¬ 
ment  program  was  reported  in  Blrkemeler  (1979). 

3.  Offshore  Bathymetry. 

Fields  of  shoaling  features  are  present  on  the  Inner  Continental  Shelf 
regions  from  Long  Island  to  Florida  (Duane,  et  al.,  1972).  These  shoals  are 
linear  or  arcuate.  Isolated,  or  associated  with  other  features  such  as  Inlets. 
Three  shoreface -connected  linear  shoals  are  easily  identified  along  Long  Beach 
Island  from  soundings  taken  in  1937,  1955,  1963,  and  1965.  Other,  less  well- 
developed  features  are  also  present  (Fig.  4).  The  shape  and  position  of  the 
shoals  appear  stable.  The  features  off  of  the  Island  are  typical  of  similar 
shoals  near  Fenwick  Island,  Maryland,  and  other  barrier  island  localities  farther 
south.  The  Long  Beach  Island  shoals  open  toward  the  north,  making  an  angle 
between  20°  and  30°  with  the  shoreline.  Peahala  Ridge,  the  best  developed 
of  the  three,  is  attached  to  the  shore  at  about  Beach  Haven  and  extends  at  an 
angle  of  20°  to  the  shoreline  for  a  distance  of  5.6  kilometers  measured 
along  the  axis  to  the  10>meter  contour.  The  mean  axis  slope  is  1:600  and  is 
fairly  constant  while  the  side  slopes  are  1:100.  The  method  of  formation  of 
these  ridges  is  presentlv  undetermined.  The  relatively  constant  angle  to  the 
shoreline  in  spite  of  the  shoreline  orientation  Indicates  they  are  generated 
by  nearshore  hydrodynamic  processes.  Subbottom  seismic  studies  and  test 
borings  in  some  of  the  ridges  show  the  shoreface-connected  shoals  are 
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a.  Barnegat  Light  to  Loveladles  (groins  Inside 
Jetties  constructed  before  1960). 

Figure  4.  Segmented  map  (a  to  f)  of  Long  Beach  Island,  showing 
locations  and  dates  of  construction  of  groins,  beach 
profile  lines  (circles),  offshore  profile  lines 
(diamonds),  and  bathymetry  (In  feet). 


c.  North  Beach  to  Ship  Bottom. 


Figure  4 


Segmented  map  (a  to  f)  of  Long  Beach  Island,  showing 
locations  and  dates  of  construction  of  groins,  beach 
profile  lines  (circles),  offshore  profile  lines 
(diamonds),  and  bathymetry  (In  feet). — Continued 


^  KILOMiriltS 

1  O.S  0  1 

d.  Brant  Beach  to  Haven  Beach. 

Segmented  map  (a  to  f)  of  Long  Beach  Island,  showing 
locations  and  dates  of  construction  of  groins,  beach 
profile  lines  (circles),  offshore  profile  lines 
(diamonds),  and  bathymetry  (In  feet). — Continued 


e.  Beach  Haven  Terrace  co  Beach  Haven. 

Figure  4.  Segmented  map  (a  to  f)  of  Long  Beach  Island,  showing 
locations  and  dates  of  construction  of  groins,  beach 
profile  lines  (circles),  offshore  profile  lines 
(diamonds),  and  bathymetry  (In  feet). — Continued 
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f.  Holgate  to  Brigantine  National  Wildlife  Refuge. 

Figure  4.  Segmented  map  (a  to  f)  of  Long  Beach  Island,  showing 
locations  and  dates  of  construction  of  groins,  beach 
profile  lines  (circles),  offshore  profile  lines 
(diamonds),  and  bathymetry  (in  feet). — Continued 
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not  of  structural  origin.  Similar  linear  shoals  found  In  deeper  water  may  be 
relict  features  formed  during  a  lower  stand  of  sea  level.  The  role  of  shore- 
face  -connected  shoals  In  modifying  the  nearshore  circulation  and  wave  regime 
Is  unknown  though  It  may  be  considerable. 

III.  METHODS 

1.  Profile  Lines  and  Monumentation. 

Thirty-two  profile  lines,  extending  from  Barnegat  Light  to  just  south  of 
Beach  Haven, were  surveyed  along  Long  Beach  Island.  The  location  of  the  pro¬ 
file  lines  and  their  proximity  to  110  groins  on  the  island  are  shown  in 
Figure  4.  Locations  of  the  groins  were  carefully  checked  with  recent  air 
photos  and  Corps  of  Engineers  records  (U.S.  Army  Engineer  District,  Phila¬ 
delphia,  1974).  Each  groin  in  Figure  4  is  indicated  by  the  last  two  digits 
of  the  year  of  its  construction.  The  survey  periods  and  the  number  of  measure¬ 
ments  per  profile  line  are  given  in  Table  1.  Profile  lines  1  to  21  and  32  were 
established  at  the  beginning  of  the  period  and,  except  as  noted,  were  con¬ 
tinued  through  the  entire  program.  Profile  line  4  was  established  Just  south 
of  the  groin  shown  in  Figure  4.  Profile  measurements  were  taken  from  September 
1962  to  January  1966  with  those  readings  from  the  north  side  of  the  groin 
referred  to  as  profile  line  32  and  those  to  the  south  as  profile  line  4.  Pro¬ 
file  line  32  was  discontinued  after  January  1966,  and  profile  line  4  was 
standardized  at  a  position  15  meters  south  of  the  groin.  Profile  line  13 
was  relocated  one  block  northward  (about  200  meters)  in  September  1969  and 
renumbered  profile  line  33  when  a  rock  groin  was  constructed  along  the  origi¬ 
nal  profile  line.  In  August  1972,  a  series  of  closely  spaced  profile  lines 
was  established  among  successive  groins  between  the  communities  of  Loveladies 
and  Harvey  Cedars  to  observe  the  influence  of  the  structures. 

a.  Survey  Procedures.  The  original  profile  lines  were  Intended  to  be 
equally  spaced.  However,  spacing  was  modified  to  place  profile  lines  along 
a  more  representative  section  of  beach,  avoid  structures,  provide  accessi¬ 
bility,  or  provide  information  of  special  Interest.  As  shown  in  Table  1, 
spacing,  except  in  the  special  groin  field  study  area,  varied  from  318.2  to 
3,285.7  meters.  Profile  measurements  were  taken  by  surveying  crews  from  the 
U.S.  Army  Engineer  District,  Philadelphia.  Horizontal  control  for  the  sta¬ 
tions  consisted  of  a  monument  at  or  near  each  profile  line  with  references 
tied  to  cultural  features  such  as  houses,  telephone  poles,  etc.  ,  and  third- 
order  survey  control  providing  state-plane  and  geodetic  coordinates  of  the 
monument.  Vertical  control  consisted  of. a  third-order  elevation  of  the  top 
of  the  monument  with  respect  to  sea  level  datum  (Jacobs,  1978).  The  docu¬ 
mentation  of  the  location  of  each  profile  monument  referred  to  the  New  Jersey 
Transverse  Mercator  as  well  as  the  azimuth  of  the  line  is  given  in  Appendix  A. 

The  surveying  crews  measured  the  profile  line  using  a  level  and  tape 
technique.  A  reference  elevation  was  established  at  a  fixed  object  such  as 
the  top  of  a  log  barricade,  the  foot  spike  on  a  telephone  pole,  or  nail 
markers  driven  into  the  roadway. 

The  survey  proceeded  seaward,  approximately  perpendicular  to  the  shoreline, 
from  the  reference  along  the  preselected  azimuth,  maintained  by  alinement  of 
two  separated,  fixed  objects  in  the  manner  of  a  navigational  range.  Readings 
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Table  1.  Summary  of  profile  lines  and  surveys. 


Profile 

line^ 

Distance 
to  next 

Survey  period 

Total 

surveys 

Remarks 

1  protii6 
(m) 

First  reading 

Last  reading 

1 

363.9 

26  Sept.  62 

12  June  73 

99 

2 

318.2 

26  Sept.  62 

12  June  73 

99 

3 

1,580.7 

26  Sept.  62 

12  June  73 

98 

32 

26  Sept.  62 

i  25  Jan.  66 

23 

Discontinued 

4 

1,620.9 

26  Sept.  62 

12  June  73 

89 

52 

1,118.0 

26  Sept.  62 

12  June  73 

97 

6 

433.4 

26  Sept.  62 

12  June  73 

99 

22 

88.1 

29  Aug.  72 

11  June  73 

Groin  field 

23 

88.4 

29  Aug.  72 

11  June  73 

Groin  field 

24 

89.6 

29  Aug.  72 

11  June  73 

Groin  field 

25 

89.9 

29  Aug.  72 

11  June  73 

Groin  field 

26 

89.9 

29  Aug.  72 

11  June  73 

Groin  field 

27 

86.6 

29  Aug.  72 

11  June  73 

Groin  field 

28 

44.5 

29  Aug.  72 

11  June  73 

Groin  field 

7 

39.9  1 

26  Sept.  62 

11  June  73 

99 

29 

81.1 

29  Aug.  72 

11  June  73 

Groin  field 

30 

1,465.5  ! 

29  Aug.  72 

11  June  73 

Groin  field 

82 

619.0 

26  Sept.  62 

12  June  73 

99 

9 

823.0  ! 

1  26  Sept.  62  ' 

12  June  73 

90 

10 

1,097.6  ! 

26  Sept.  62 

12  June  73 

99 

11 

1,499.3  1 

26  Sept.  62 

12  June  73 

99 

12 

2,595.1  1 

26  Sept.  62 

12  June  73 

99 

133 

1,526.1 

26  Sept.  62 

28  May  69 

64 

Relocated  to 

line  33 

33 

24  Sept.  69 

12  June  73 

37 

Replaced  line 
13 

14 

i  3,285.7 

2  Oct .  62 

12  June  73 

98 

15 

'  2,610.9 

2  Oct.  62 

12  June  73 

98 

163 

2,646.9 

2  Oct.  62 

12  June  73 

99 

17 

2,006.5 

2  Oct.  62 

12  June  73 

91 

18 

1,374.6 

2  Oct.  62 

12  June  73 

98 

19 

954.3 

2  Oct .  62 

12  June  73 

98 

20^ 

548.6 

2  Oct.  62 

12  June  73 

98 

21 

2  Oct.  62 

12  June  73 

98 

Total  2,158 


^No  record  of  profile  line  31. 

^Monument  offset  from  actual  profile  line. 
^Pipe  profile  (Urban  and  Galvin,  1969). 
'^Giart  measurement. 
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were  taken  every  ]5  meters  or  at  each  break  in  the  beach  slope,  then  continued 
to  -0.6  meter  MSL  by  the  rodman.  Surveys  were  timed  to  coincide  with  low  tide 
to  extend  to  that  depth.  Occasionally,  however,  extreme  water  levels  or  surf 
conditions  prohibited  seaward  extension  of  the  profiles.  Crews  were  generally 
able  to  complete  three  profile  lines  per  hour  so  the  entire  Long  Beach  Island 
survey  (30  lines)  was  planned  for  several  days. 


Readings  were  taken  to  the  nearest  30.0  centimeters  in  the  horizon¬ 
tal  and  3.0  centimeters  In  the  vertical.  It  was  occasionally  necessary  to 
move  the  level,  and  care  was  taken  to  document  the  elevation  and  new  location. 
Survey  lines  were  not  closed  except  during  the  last  year  of  the  study. 

Pipes  were  placed  along  profile  lines  13  and  16  to  test  this  method  of 
measuring  beach  elevation.  A  6.4-meter  section  of  3.8-centlmeter  inside- 
diameter  Iron  pipe  was  marked  In  15. 2-centlmeter  sections  and  jetted  4.0  meters 
into  the  sand.  These  were  placed  every  15.2  meters  along  the  selected  profile 
lines  and  their  position  and  elevation  established  by  standard  surveying  methods. 
Weekly  sand  level  readings  were  taken  by  local  observers  during  the  period  from 
6  December  1967  to  1  May  1968.  Detailed  results  of  the  pipe  survey  are  given 
in  Urban  and  Galvin  (1969).  This  short  study  showed  that  sand  level  variations 
of  more  than  a  meter  occurred  on  the  beach  face  during  the  winter  storms  of 
1968.  Measurements  were  not  continued  long  enough  to  observe  variations  dur¬ 
ing  the  summer  months  nor  was  the  study  designed  to  provide  transport  rates  and 
direction. 

b.  Survey  Frequency.  Profile  measurement  intervals  were  begun  biweekly; 
however,  successive  surveyed  profiles  changed  little  and  were  of  limited 
engineering  significance.  The  Interval  was  increased  to  monthly  and  further 
extended  later  In  the  program.  The  distributions  of  seasonal  measurements  by 
month  and  year  are  shown  in  Figures  5  and  6,  respectively.  Unscheduled  surveys 
were  made  shortly  before  and  after  storms,  when  possible,  to  measure  the 
effects  of  Individual  events.  Documented  coastal  storms  occurring  during  the 
1962-73  study  period  are  listed  In  Table  2.  The  frequency  of  surveys  relative 
to  storms  Is  shown  In  Appendix  B.  No  surveys  were  taken  during  the  summer 
seasons  of  1965  to  1969  since  changes  were  considered  too  small  to  be  of  any 
meaning.  This  gap  In  the  data  set  may  have  consequences  for  later  statistical 
analysis  of  the  temporal  variability.  Beach  measurements  taken  In  the  groin 
field  (profile  lines  22  to  30)  consist  of  only  10  surveys  per  profile  line, 
none  of  which  were  taken  during  May,  July,  September,  or  November. 

Survey  data  were  recorded  In  field  notebooks.  Computations  of  range  and 
elevation  were  made  by  the  noteman  In  the  field  and  were  doublechecked  by 
another  member  of  the  survey  team.  The  detailed  procedures  of  transcriptions 
to  coding  forms  for  computer  processing  are  given  In  DeWall  (1979,  p.  15). 

All  data  were  meticulously  hand-checked  and  spurious  points  were  either  cor¬ 
rected  or  discarded.  Profile  data  are  shown  In  tabulated  form  In  Appendix  C. 

2 .  Profile  Analysis. 

Each  profile  was  analyzed  by  CERC  and  computer  plots  generated  for  (a)  MSL 
position  (App.  B) ,  (b)  above  MSL  change  In  unit  volume  between  surveys  (App.D), 
and  (c)  profile  envelopes  (App.  E) .  All  profile  changes  are  referred  to  the 
conditions  existing  on  the  "Initial  survey  date."  The  distance-elevation 
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Figure  5.  Distribution  of  profile  line  surveys  by  month  and  season. 

Cross  hatching  indicates  survey  of  profile  lines  22  to  30. 


Figure  6.  Distribution  of  profile  line  surveys  by  year  and  season. 

Cross  hatching  indicates  survey  of  profile  lines  22  to  30. 


Table  2.  Documented  coastal  storms  occurring  during  period  of  BEP  surveys, 
Septemiber  1962  -  June  1973. 


Year 

Stora 

date 

Source* 

Survey  Datea 

Before  After 

VoluB.  Change 
(■*/•) 

Maaa  Variance 

Keaarka 

1962 

28  Sept. 

1 

26  Sept. 

28  Sept. 

-28.77 

9.38 

Northeaater  coaatal  eroalon 

03  Nov. 

1.5 

29  Oct. 

08  Nov. 

-10.07 

14.12 

Coaatal  atom.  "Claaatc 

Northeaater" 

10  Nov. 

1 

08  Nov. 

10  Dec. 

1.03 

17.29 

Coaatal  atom  daaage 

27  Nov. 

1 

08  Nov. 

10  Dee. 

1.03 

17.29 

Dune  erosion 

1963 

16-30  Oct. 

2.5 

10  Oct. 

25  Oct. 

6.79 

13.30 

Hurricane  CINNY,  19-22  Oct. 

In  area 

03  Nov. 

1.4 

25  Oct. 

15  Nov. 

-  5.39 

18.05 

I.40-*  tide.  Atlantic 

10  Nov. 

4 

25  Oct. 

15  Nov. 

-  5.39 

18.05 

1,71-4  BaxlBnifli  tldSp  Sandy 

Hook 

29-30  Nov. 

5 

15  Nov. 

27  Dec. 

10.73 

18.05 

08  Dec. 

1 

15  Nov. 

27  Dec. 

10.73 

16.79 

1964 

12  Jan. 

1.3,4, 5 

27  Dec. 

15  Jan. 

-24.14 

18.48 

Blizzard,  1.40-b  maxlaua  tide, 

Sandy  Hook 

04-16  Sept. 

2 

29  Aug. 

24  Sept. 

-  2.33 

18.72 

Hurricane  ETHEL 

13-24  Sept. 

1.2 

29  Aug. 

24  Sept. 

-  2.33 

18.72 

Hurricane  CLADYS 

07  Nov. 

4 

24  Sept. 

01  Dec. 

3.24 

19.29 

1.17-a  aartai»,  Itlaatle  City 

1965 

17  Jan. 

4 

01  Dec. 

19  Jan. 

-  4.75 

21.90 

1.17-a  aealaw,  Atiaatic  Cit^ 

l.52-a  Malaua,  Sandy  Hook 

15  Feb. 

1 

19  Jan. 

27  Apr. 

8.64 

22.39 

27  May 

1 

27  Apr. 

07  Sept. 

5.57 

19.89 

11-18  June 

2 

27  Apr. 

07  Sept. 

5.57 

19.89 

Tropical  stor»,  unnaaed 

05  July 

1 

27  Apr. 

07  Sept. 

5.57 

19.89 

1966 

23  Jan. 

1.4 

22  Dec. 

25  Jan. 

-15.67 

15.73 

1.6B-m  maximum,  Atlantic  City 

2.04-m  maximuB,  Sandy  Hook 

rain,  snow,  wind,  erosion 

04-14  June 

2 

21  Mar. 

22  Sept 

1.87 

20.88 

Hurricane  ALMA 

24  Dec. 

1 

22  Sept. 

16  Jan. 

8.72 

16.33 

Snow 

1967 

07  Feb. 

1 

16  Jan. 

05  May 

-  9.37 

19.30 

Heavy  snow 

27  April 

4 

16  Jan. 

05  May 

-  9.37 

19.30 

1.52-m  maximum,  Sandy  Hook 

24  May 

4 

05  May 

20  Sept. 

11.10 

24.27 

1.43-n  DaxliDum,  Atlantic  City 

10-17  Sept. 

1.3, 4, 5 

05  May 

20  Sept. 

11.10 

24.27 

Hurricane  DORIA 

1968 

07  Jan. 

5 

18  Dec. 

17  Jan. 

-  3.95 

17.56  "1 

14  Jan 

5 

18  Dec. 

17  Jan. 

-  3.95 

17.56 

25  Jan 

5 

17  Jan. 

27  Feb. 

-  2.74 

18.19 

08  Feb. 

5 

17  Jan. 

27  Feb. 

-  2.74 

18.19 

25  Feb 

5 

17  Jan. 

27  Feb. 

-  2.74 

18.19 

\  Insignificant  atoms 

01  Mar. 

1.3,5 

27  Feb. 

27  Mar. 

3.76 

18.71  ' 

13  Mar. 

5 

27  Feb. 

27  Mar. 

3.76 

18.71 

18  Mar. 

5 

27  Feb. 

27  Mar. 

3.76 

18.71 

23  Mar. 

5 

27  Feb. 

27  Mar. 

3.76 

18.71 

05  Apr. 

5 

27  Mar 

09  Oct. 

12.98 

22.53  . 

1968 

17-26  June 

2 

27  Mar 

09  Oct. 

12.98 

22.53 

Hurricane  BRENDA 

13-21  Oct. 

2 

09  Oct. 

23  Oct. 

8.67 

12.63 

Hurricane  GLADYS 

4 

23  Oct. 

13  Nov. 

-23.85 

22.95 

1.43-m  maximum,  Sandy  Hook 

1 

23  Oct. 

13  Nov. 

-23.85 

22.95 

Wind,  rain,  snov,  erosion 

29  Dec. 

4 

18  Dec. 

15  Jan. 

2.48 

7.77 

1,37-m  maximum,  Atlantic  City 

1969 

24  Mar. 

1.3 

04  Mar. 

28  Hay 

17.93 

31.15 

Rain,  coaatal  storm 

25  July- 

2 

28  May 

24  Sept. 

-  7.65 

19.86 

Tropical  storm  ANNA 

2 

28  May 

24  Sept. 

-  7.65 

19.86 

Hurricane  BLANCHE 

14-22  Aug. 

2 

28  May 

24  Sept. 

-  7.65 

19.86 

Hurricane  CAMILLE 

01-10  OcL 

2 

24  Sept. 

20  Oct. 

7.81 

13.61 

Tropical  storm  JENNY 

02  Nov. 

4,5 

20  Oct 

18  Nov. 

-  3.12 

15.79 

2.04-m  maximum,  Sandy  Hook 

1.62-m  maximum,  Atlantic  City 

Minor  storm 

11  Dec. 

5 

18  Nov. 

18  Dec. 

8.04 

13.65 

Coastal  storm 

15  Doc. 

1.3 

18  Dec. 

20  Jan. 

5.45 

18.28 

Coastal  storm 
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Table  2.  Documented  coastal  storms  occurring  during  period  of  BEP  surveys, 
September  1962  -  June  1973. — Continued 


Year 

Storm 

date 

Source^ 

Survey  Dates 

Before  After 

Volume  Change 
(m»/m) 

m— »  Variance 

Remarks 

1970 

07  Jan. 

5 

18  Dec. 

20  Jan. 

5.45 

18.28 

Storm  moved  rapidly 

23  Mar. 

5 

18  Mar. 

21  May 

8.79 

19.51 

02  Apr. 

1 

19  Mar. 

21  May 

8.79 

19.51 

17-27  May 

2 

21  May 

28  Aug. 

1.34 

40.05 

Hurricane  ALMA 

15-18  Aug. 

2 

21  May 

28  Aug 

1.34 

40.06 

Tropical  storm,  unnamed 

27  Sept. 

1 

28  Aug. 

12  Oct. 

7.54 

11.74 

22  Oct. 

5 

12  Oct. 

07  Dec. 

-  4.28 

43.86 

26  Oct. 

5 

12  Oct. 

07  Dec. 

-  4.28 

43.86 

04  Nov. 

1 

12  Oct. 

07  Dec. 

-  4.28 

43.86 

Coastal  storm 

17  Dec. 

1,3,5 

07  Dec. 

18  Dec. 

-14.71 

32.03 

26  Dec. 

4 

18  Dec. 

12  Jan. 

0.16 

10.46 

1.77~a  ■aximuBig  Sandy  Hook 

1971 

23  Mar. 

5 

08  Mar. 

08  Apr. 

Lesser  stora  than  27  March  * 

27  Mar. 

4,5 

08  Mar. 

08  Apr. 

-  2.81 

14.95 

1.58-b  maximuoig  Sandy  Hook 

06-07  Apr. 

5 

08  Mar. 

08  Apr. 

-  2.81 

14.95 

Typical  northeaster 

04-07  July 

2 

24  June 

17  Aug. 

Tropical  stora  ARLENE 

Volume  data  not  available 

10-17  Aug. 

2 

24  June 

17  Aug. 

Hurricane  BETH,  volume  data 

not  available 

20-29  Aug. 

2.3 

17  Aug. 

07  Oct. 

-  2.92 

U-08 

Tropical  stone  DORIA 

10-14  Sept. 

2 

17  Aug. 

07  Oct. 

-  2.92 

11.08 

Tropical  stora  HEIDI 

1972 

25  Jan 

1 

12  Jan. 

15  Feb. 

-  6.27 

9.07 

04  Feb. 

5 

12  Jan* 

15  Feb. 

-  6.27 

9.07 

Typical  northeaster,  no  ser- 

lous  damage 

13  Feb. 

5 

12  Jan. 

15  Feb. 

-  6.27 

9,07 

X9  Feb. 

*•5 

15  Feb. 

23  Feb. 

-  0.69 

12.99 

ls65-ii  aaxieiuiig  Atlantic  City 

I.89-«  leaximuBg  Sandy  Hook 

1972 

14-22  June 

1.2 

11  Apr. 

23  Aug. 

25.17 

27.97 

Hurricane  AGNES 

29  Aug.  - 

05  Sept. 

2 

23  Aug. 

17  Oct. 

0.01 

23.35 

Tropical  storm  CARRIE 

21  Dec, 

1973 

28-29  Jan. 

5 

03  Jan. 

13  Feb. 

09-12  Feb. 

5 

03  Jan 

13  Feb. 

21  Mar. 

1,3.5 

13  Mar. 

24  Mar. 

-  5.36 

14.24 

Coastal  storm,  erosion,  flooding 

^Information  sources  are: 

I  Storm  Data  and  Unusual  Weather  Phenomena,  U.S.  Departscnt  of  Comsierce, 
NOAA,  National  Climatic  Service,  Series. 

2^  Neumann,  et  al.  (1978). 

3  DeWall  (1979). 

^  Ho,  et  al.  (1976). 

S  Birkemeler  (1980) . 
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coordinates  of  the  MSL  contour  Intercept  with  the  initial  survey  on  each  pro¬ 
file  line  are  defined  as  the  origin  of  a  coordinate  system  to  which  all  sub¬ 
sequent  surveys  are  referred  (Fig.  7).  Negative  distances -indicate  stations 
landward  of  the  MSL  Intercept  with  the  Initial  profile;  positive  distances 
indicate  seaward  stations. 

For  a  profile  crossing  the  MSL  elevation,  the  MSL  Intercept  was  linearly 
interpolated.  When  a  profile  did  not  cross  the  MSL  elevation,  but  reached  the 
0.61-meter  MSL  elevation,  the  MSL  intercept  was  determined  by  extrapolating 
the  profile  along  the  slope  defined  by  the  two  seawardmost  surveyed  points  on 
the  profile  (DeWall,  1979).  Extrapolated  shoreline  points  are  indicated  by  the 
"x"  symbol  in  the  plots  of  Appendix  B.  Profile  lines  which  could  not  be  sur¬ 
veyed  to  the  0.61-meter  MSL  elevation  were  not  used  for  shoreline  or  volume 
computations. 

The  cross-sectional  area  under  each  profile  was  computed.  This  area  is 
bounded  by  three  lines:  (a)  a  vertical  line  projected  from  the  landwardmost 
distance  common  to  all  surveys  on  a  given  profile  line,  (b)  a  horizontal  line 
at  the  MSL  elevation,  and  (c)  the  surveyed  profile.  The  calculation  was  accom¬ 
plished  by  summing  30.5-centlmeter  horizontal  slices  through  the  area  under  the 
profile  from  the  highest  elevation  to  MSL.  The  area  change  was  then  computed 
by  subtracting  the  measured  profile  area  from  the  previous  profile  area  (Fig.  8) 
Note  that  the  change  in  area  (and  volume)  is  referred  to  the  previous  profile 
and  not  the  original  profile.  Cross-sectional  areas  were  computed  in  square 
feet  and  then  converted  to  unit  volume  in  cubic  meters  per  meter  of  shoreline. 

The  plots  in  Appendix  E  are  profile  envelopes;  i.e,  the  plots  show  two 
lines  drawn  through  the  upper  and  lower  extremes  of  the  surveyed  sand  eleva¬ 
tions  on  each  of  the  profile  lines.  The  envelope  of  extremes  contains  points 
from  many  different  surveys,  rather  than  trace  a  particular  eroded  or  accreted 
profile  found  during  one  survey.  This  profile  "sweep  zone"  is  useful  for 
designing  the  required  depth  of  footings  for  coastal  structures,  burial  depth 
for  pipelines, and  for  other  beach  protection  or  improvement  considerations. 

The  temporal  and  spatial  variability  of  each  of  the  beach  profiles  was 
also  evaluated  using  empirical  eigenfunction  analysis.  This  technique  has 
been  used  in  a  variety  of  scientific  disciplines  for  many  years  (Lorenz,  1959), 
but  it  is  only  recently  that  the  technique  has  been  applied  to  examination  of 
variability  within  the  coastal  zone. 

When  applied  to  analysis  of  a  profile  line  resurveyed  over  a  period  of 
time,  the  method  is  useful  in  determining  the  topographic  variability  in  the 
onshore-offshore  direction  and  in  time.  Comparison  of  the  eigenfunctions  of  a 
series  of  profiles  taken  along  a  coastline  is  useful  for  determining  the  long¬ 
shore  variability.  The  technique  has  been  applied  to  studies  on  beaches. 
Islands,  and  other  coastal  and  bathymetric  features  on  both  coasts  (Wlnant, 
Inman,  and  Nordstrom,  1975;  Vincent,  et  al. ,  1976;  Reslo,  et  al. ,  1977; 

Aubrey,  1978). 

The  objective  of  eigenfunction  analysis  is  to  separate  the  temporal  and 
spatial  dependence  of  the  data  set  so  that  it  can  be  represented  as  a  linear 
combination  of  corresponding  functions  of  time  and  space  (Wlnant.  Inman,  and 
Nordstrom,  1975).  This  helps  Identify  processes  responsible  for  profile 
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Figure  7.  Profile  line  coordinate  system  (from  DeWall,  1979) 
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Figure  8.  Definition  of  MSL  shoreline  change  and  above 
MSL  unit  volume  change  (from  DeWall,  1979). 


changes,  assists  In  evaluation  of  their  relative  Importance,  and  aids  the 
Identification  of  specific  events. 

The  shape  of  a  single  profile  changes  between  measurements  In  response 
to  the  many  process  variables  (e.g.,  waves,  wind,  water  level,  etc^  active  on 
the  beach.  A  careful  evaluation  of  a  profile  line  measured  frequently  over 
time  may  reveal  systematic  changes  In  Its  shape.  Regular  seasonal  changes  In 
profile  area,  for  Instance,  were  obvious  on  west  coast  beaches  before  being 
quantitatively  confirmed  by  empirical  eigenfunction  analysis  (Shepard,  1973; 

Aubrey,  1978).  Along  a  single  profile,  zones  of  maximum  variation  are  to  be 
expected  In  the  region  of  maximum  wave  energy  dissipation.  This,  again,  has 
been  confirmed  by  empirical  eigenfunctions  on  west  coast  beaches  (Aubrey, 

1978).  The  technique  does  not  explain  the  physical  reason  for  the  variability. 

In  the  case  of  beach  profiles,  the  sand  Is  moved  In  response  to  wave  forcing 
In  a  manner  which  Is  assumed  to  be  deterministic,  or  at  least  statistically 
predictable.  In  this  case.  It  Is  hoped  that  since  the  wave  forcing  provides 
most  of  the  variability,  the  eigenfunctions  will  reflect  this  mechanism.  By 
examining  the  temporal  structure  of  the  beach  eigenfunctions  along  with  spa¬ 
tial  structure,  the  decision  can  be  made  as  to  whether.  In  fact,  the  eigen¬ 
functions  represent  some  physically  meaningful  process.  This  has  been  shown 
to  be  the  case  In  nearshore  profile  studies. 

Profiles  obtained  during  the  BEP  do  not  extend  beyond  about  the  -0.61  meter 
MSL  shoreline.  For  that  reason,  beach  variability  associated  with  transport 
In  the  nearshore  zone  seaward  of  this  limit  cannot  be  determined.  This  Is  a 
serious  limitation  of  the  data  set  and  Is  not  associated  with  a  limitation  In 
the  method  of  analysis.  It  Is  known  that  the  breaker  zone  and  nearshore  are 
regions  of  active  transport  both  onshore-offshore  and  alongshore.  Offshore  bars 
act  as  periodic  storage  areas  for  sand  that  Is  later  supplied  to  the  beach  i 

under  favorable  wave  conditions.  The  time  periods  and  detailed  response  of  ^ 

this  region  cannot  be  determined  from  the  available  data. 

IV.  RESULTS 

1.  Temporal  Variability.  j 

a.  Short-Term  Changes  (Storms).  Coastal  storms,  such  as  the  March  1962 
storm,  are  particularly  Important  agents  for  causing  massive  changes  to  the 
beaches.  This  storm,  which  never  reached  hurricane  strength,  resulted  from 
two  low-pressure  cells  which  combined  several  hundred  miles  off  the  coast  of 

New  Jersey,  Delaware,  Maryland,  and  Virginia.  It  then  remained  stationary  J 

from  6  to  8  March  generating  high  tides  (2.2  meters  above  MSL)  and  extreme  ' 

waves  (6.1  to  9.1  meters  high)  which  battered  the  coastline  through  five  tidal 
cycles.  The  damage  to  Long  Beach  Island  was  particularly  severe  (Fig.  9  ). 

The  northern  end  of  the  Island  was  breached  In  four  locations  with  waves  de¬ 
stroying  or  damaging  nearly  every  structure.  In  the  vicinity  of  Harvey  Cedars, 
the  dune  was  breached,  the  area  flooded,  and  most  houses  washed  Into  Barnegat  * 

Bay.  Dollar  value  of  the  damage  at  Long  Beach  Island  was  estimated  at 
$19,754,000,  of  which  nearly  half  was  attributed  to  storm  waves.  Other  effects 
of  the  storm  have  been  documented  (Cooperman  and  Rosendal,  1962;  U.S.  Army 
Engineer  Division,  North  Atlantic,  1963). 
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Damage  caused  by  March  1962  coastal  storm.  Loveladles,  Long  Beach  Township,  Long  Beach 
Island  looking  north,  9  March  1962  (from  U.S,  Army  Engineer  Division,  North  Atlantic,  1963) 


After  the  March  1962  storm,  emergency  measures  were  necessary  to  rebuild 
the  dune  along  5,790  meters  of  shoreline.  Approximately  182,220  cubic  meters 
of  sand  was  used  to  reconstruct  a  dune  3.0  to  3.7  meters  above  MSL.  This 
restoration  program  was  completed  by  late  April  1962,  5  months  before  the  first 
BEP  survey.  Sldecast  dredging  of  Bamegat  Inlet  has  continued  on  an  annual  or 
semiannual  basis  since  1972.  Some  of  the  dredged  material  was  placed  directly 
on  the  beach  In  the  vicinity  of  profile  lines  1  and  2.  No  other  documented 
beach  nourishment  projects  were  carried  out  on  Long  Beach  Island  until  the  sum¬ 
mer  of  1979  when  dredged  material  from  the  Barnegat  channel  was  discharged 
along  the  shore  to  form  a  feeder  beach  at  the  north  end  of  the  Island.  Nourish¬ 
ment,  then,  has  not  been  a  factor  In  the  evaluation  of  beach  changes. 

Table  2  provides  a  comprehensive  list  of  storm  events,  compiled  from 
various  sources,  for  the  study  period.  The  record  of  storm  data  collected 
by  the  National  Climatic  Center  (NCC)  was  reviewed  for  the  period  1962  to  1973 
for  events  that  Indicated  a  coastal  Impact  such  as  high  tides,  coastal  flooding 
and  coastal  erosion.  Locations  were  not  specifically  Indicated  In  this  source. 
Tropical  storms  and  hurricanes  were  obtained  from  Newmann,  et  al.  (1978).  Those 
events  were  selected  which  passed  close  enough  to  Long  Beach  Island  to  have  an 
expected  effect.  Other  historical  documents  Indicating  storms  or  occurrences 
of  significant  coastal  Impact  were  U.S.  Army  Engineer  District,  Philadelphia 
(1974),  Ho,  et  al.  (1976),  DeWall  (1979),  and  Blrkemeler  (1980). 

Wind  records  from  the  NCC  recording  station  at  Atlantic  City  for  the  study 
period  were  sorted  to  determine  the  occurrences  of  winds  greater  than  54  kilo¬ 
meters  per  hour.  The  average  monthly  distribution  of  these  severe  winds  Is 
shown  In  Figure  10.  This  tabulation  covers  the  period  from  1965  to  1973,  during 
which  winds  were  recorded  at  3-hour  Intervals.  The  distribution  Is  decidedly 
seasonal  but  probably  underestimates  the  actual  time  of  severe  winds  along  the 
beach  since  the  recording  station  Is  located  several  miles  Inland.  A  22>year 
record  of  winds  at  the  Atlantic  City  station  shows  that  most  of  the  stormwlnds 
are  from  the  northeast,  followed  In  frequency  of  occurrence  by  winds  from  the 
east  (U.S.  Army  Engineer  District,  Philadelphia,  1974). 

The  Atlantic  City  NCC  recording  station  Is  located  at  the  Aviation  Facili¬ 
ties  Experiment  Station,  16  kilometers  Inland  from  Atlantic  City  (Fig.  1). 

An  analysis  performed  by  the  U.S.  Army  Engineer  District,  Philadelphia  (1974) 
shows  that  the  number  of  annual  storm  hours  (e.g.,  the  number  of  hours  the 
recorded  wind  velocity  was  51  kph  or  greater  during  a  24-hour  period  when  the 
average  velocity  was  40  kph  or  greater)  significantly  decreased  when  the  wind 
recording  station  was  moved  Inland.  Wind  data  are  also  recorded  by  the  Coast 
Guard  observers  at  Barnegat  Light.  These  data  are  available  In  raw  form  from 
NCC  but  were  not  used  In  this  study  since  analysis  of  the  storm  response  re¬ 
quired  only  that  the  event  be  Identified  and  the  Atlantic  City  data  were  suffi¬ 
cient  for  that  purpose. 

A  total  of  77  Identified  storm  events  occurred  during  the  study  period 
(Table  2  ).  Column  five  In  Table  2  Indicates  that  the  response  of  the  beach 
during  these  storms  was.  In  most  cases,  highly  variable.  This  column  Is  the 
volume  change  between  survey  periods  averaged  along  the  entire  beach;  the  sec¬ 
ond  number  Is  the  variance.  The  average  change  cannot  be  taken  as  a  quantita¬ 
tive  measure  of  sand  movement  since  the  profile  lines  were  not  evenly  distrib¬ 
uted  along  the  beach.  The  sign  of  the  ni^er  and  Its  relative  magnitude  does. 
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Figure  10. 


Average  number  of  storm  hours  recorded  at  Atlantic 
City,  New  Jersey,  1965-73.  A  storm  hour  is  defined 
as  an  hour  when  the  wind  is  51  kilometers  per  hour 
or  greater  during  a  24-hour  period  when  the  average 
velocity  was  40  kilometers  per  hour  or  greater  (U.S. 
Army  Engineer  District,  Philadelphia,  1974). 
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however.  Indicate  qualitatively  the  trend  over  the  period.  Variance  larger 
than  the  mean  shows  that  some  of  the  profiles  prograded  while  others  were 
eroded  over  the  time  interval  between  profiles. 

The  criteria  for  selecting  the  storms  in  Table  2  were  based  on  those 
events  that  showed  a  significant  change  in  the  average  beach  volume,  which 
could  be  attributed  to  a  single  event.  This  required  that  the  storm  be 
closely  bracketed  by  surveys.  An  attempt  was  made  to  select  storms  distributed 
by  season  and  over  the  entire  period  of  the  survey  record.  Of  the  15  events 
that  met  these  criteria,  four  which  caused  extensive  erosion  are  discussed 
below.  The  results  of  an  additional  severe  winter  storm  were  previously  re¬ 
ported  by  DeWall,  Pritchett,  and  Galvin  (1977).  Each  of  the  selected  storms 
occurred  during  seasons  other  than  summer.  This  is  because  widely  spaced 
sumner  surveys  did  not  meet  the  selection  criteria  and,  as  shown  in  Figure 
5,  few  storms  occur  during  the  summer  months. 

(1)  Refraction  of  Storm  Waves.  Strong  onshore  winds  and  low  pressure 
enhance  normal  water  levels  and  combine  with  storm-generated  waves  to  cause 
coastal  flooding  and  erosion.  The  direction  and  rate  of  net  littoral  trans¬ 
port  cannot  be  determined  from  the  beach  profile  data  alone.  Previous  studies 
of  the  motion  of  the  Long  Beach  Island  Inlets  have  concluded  that  a  nodal  zone 
exists  in  the  vicinity  of  Barnegat  Inlet  with  transport  north  of  the  zone  to¬ 
ward  the  north  and  south  of  the  zone  toward  the  south  (U.S.  Army  Engineer 
District,  Philadelphia,  1974).  However,  no  detailed  studies  are  available 
which  show  the  location  of  the  node,  its  migration  pattern,  or  the  rate  and 
direction  of  littoral  drift  along  the  length  of  the  Island.  Studies  which 
hope  to  answer  these  and  other  questions  are  being  conducted  (Dr.  G.  Ashley, 
Rutgers  University,  New  Brunswick,  New  Jersey,  personal  communication,  1979). 

Summary  wave  information  was  available  from  the  wave  gage  at  Steel 
Pier,  Atlantic  City,  New  Jersey,for  most  of  the  study  period  (Thompson,  1977). 
This  provided  height  and  period  statistics,  but  did  not  provide  directional 
information  necessary  for  computation  of  sand  transport.  Wave  data  were  also 
available  from  the  Summary  of  Synoptic  Meteorological  Observations  (SSMO), 

Volume  3  (U.S.  Naval  Weather  Service  Command,  1975).  These  are  not  appropriate 
for  calculations  of  sand  transport  because  they  are  at-sea  observations  and  do 
not  give  precise  directional  information.  They  are  also  biased  toward  low  wave . 
conditions  since  reporting  ships  attempt  to  avoid  severe  weather  by  resched¬ 
uling  or  rerouting.  Local  visual  observations  were  collected  as  part  of  the  BEF 
at  selected  profile  line  locations  from  1968  to  1974.  These  provide  estimates  of 
wave  height,  period,  and  direction.  According  to  these  sources,  storm  waves 
generated  by  northeasters  may  develop  periods  of  8  to  12  seconds. 

Storm  winds  approach  Long  Beach  Island  from  the  northeast,  east,  and 
southeast  in  that  order  of  frequency  of  occurrence  (U.S.  Army  Engineer  District, 
Philadelphia,  1974).  Wave  refraction  diagrams  were  developed  for  waves  approach¬ 
ing  from  these  directions  in  order  to  determine  if  local  topographic  features 
caused  wave  focusing  or  other  effects  along  the  Island  and  to  obtain  qualitative 
estimates  of  the  locations  of  energy  concentration  under  various  conditions  of 
offshore  wave  approach.  Interpretation  of  these  results  should  not  be  heavily 
relied  upon  since  many  assumptions  are  made  about  the  waves  and  their  behavior 
that  do  not  apply  to  the  prototype  situation.  Monochromatic,  linear  waves  are 
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assumed  and  bottom  frictional  effects  are  ignored.  These  assumptions  may  lead 
to  serious  consequences  since  wave  energy  is  not  at  a  single  mode  but  in  a 
spectrum  (unknown  in  this  case)  which  may  be  altered  as  it  proceeds  across  the 
shelf  and  nearshore  zone.  Crossing  wave  rays  imply  infinite  wave  heights  which 
obviously  do  not  exist.  The  refraction  depends  upon  accurate  knowledge  of 
bathymetry  on  the  scale  of  the  wavelength  of  the  surface  wave.  Bathymetric 
data  were  obtained  from  the  National  Geophysical  and  Solar-Terrestrial  Data 
Center,  Boulder,  Colorado,and  averaged  in  an  offshore  grid  size  of  approximately 
200  meters.  The  wave  refraction  program  of  Dobson  (1967)  was  adapted  for  this 
study. 


Waves  of  2-meter  heights  and  10-second  periods  were  assumed  to  approach  the 
Island  from  the  three  indicated  directions,  and  resulting  refraction  diagrams  are 
shown  in  Figures  11  to  16  for  the  north  and  south  halves  of  the  Island.  Bathym¬ 
etry  is  shown  with  a  5-meter  contour  Interval.  Several  parallel,  northeast¬ 
trending  swales  lie  submerged  off  the  Island  and  are  subparallel  to  the  shore¬ 
line.  Waves  from  the  northeast  approach  with  crests  perpendicular  to  these 
features  and  are  refracted  in  an  extremely  complicated  way.  Figures  11  to  16 
should  not  be  taken  as  indicative  of  actual  ray  paths,  but  they  do  show  that 
waves  approaching  from  the  direction  of  the  predominant  storm  interact  with 
the  bottom  in  ways  that  may  induce  transport  patterns  that  are  not  generalized 
along  the  entire  beach.  Wave  rays  approaching  from  the  east  (Figs.  13  and  lA) 
are  somewhat  less  complicated  because  of  their  greater  angle  of  attack  to  the 
offshore  bathymetric  features.  Points  of  local  energy  concentration  suggested 
by  the  convergence  of  wave  rays  indicate  that  longshore  gradients  in  wave  run¬ 
up  are  developed  which  transport  material  along  the  island  in  both  directions. 
Similar  suggestions  of  focusing  are  seen  in  the  wave  rays  approaching  from  the 
southeast  (Figs.  15  and  16),  nearly  perpendicular  to  the  shoreline.  Additional 
studies  of  nearshore  currents  and  angles  of  wave  approach  along  the  beach  are 
required  to  substantiate  these  indications. 


(2)  Northeaster,  3  November  1962.  Most  serious  storms  along  the  New 
Jersey  coast  are  caused  by  low-pressure  systems  generating  strong  winds  and 
steep  waves  from  the  north  to  east  quadrant.  Birkemeier  (1980)  has  identified 
the  3  November  storm  as  a  "classic  northeaster" which  caused  considerable  erosion 
during  the  same  year  of  the  most  devastating  Great  East  Coast  Storm.  The  record 
of  3  hourly  wind  readings  made  at  Atlantic  City  showed  that,  since  a  previous 
northeast  storm  in  late  September,  winds  had  remained  mainly  from  the  west  with 
periods  of  northwest  and  southwest  flow  (Fig.  17).  The  September  storm  caused 
widespread  erosion,  but  was  not  selected  for  analysis  because  the  survey  was 
apparently  made  before  the  storm  was  over,  and  the  entire  beach  was  not  Included 
in  the  survey.  An  early  November  storm  occurred  between  2  and  4  November  after 
a  2-week  period  of  offshore  (seaward)  winds.  Maximum  recorded  winds  of  50.4 
kilometers  per  hour  occurred  on  3  November  from  the  northeast.  Since  these  were 
recorded  at  the  Inland  site,  wind  velocity  along  the  beach  could  be  expected  to 
be  somewhat  greater.  Location  of  the  profile  lines  relative  to  the  beach  struc¬ 
tures  known  to  exist  at  the  time  of  the  surveys  is  shown  in  Figure  4.  The  changes 
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Wave  refraction  pattern  for  wave  approaching  the  north  half 
of  Long  Beach  Island  from  the  east. 
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Figure  14.  Wave  refraction  pattern  for  wave  approaching  the  south  half 
of  Long  Beach  Island  from  the  east. 
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Figure  17.  Wind  diagram  from  data  recorded  at  Atlantic  City 
for  parts  of  October  and  November  1962.  Storm 
occurring  3  November  was  a  "classic  northeaster." 


in  above  MSL  sand  volume  which  occurred  during  the  interval  are  given  in  Table  3. 
Profile  lines  3  to  14,  16,  17,  and  20  were  not  protected  by  structures  and  expe¬ 
rienced  general  erosion  except  at  profile  lines  5,  6,  and  13.  The  latter  three 
showed  accretion  with  profile  line  13  gaining  21.83  cubic  meters  per  meter  in 
sand  volume  while  adjacent  profile  lines  12  and  14  suffered  erosion.  This  was 
the  greatest  gain  of  any  profile  measured.  Greatest  losses  occurred  at  profile 
lines  4,  10,  and  16.  The  reasons  for  the  extreme  variability  in  volume  change 
are  not  clear,  but  may  be  related  to  differential  wave  refraction  and  wave 
focusing. 


(3)  Winter  Storm,  13  January  1964.  A  severe  winter  storm  which  developed 
strong  winds  from  the  northeast  and  north  hit  the  New  Jersey  coast  in  January 
1964  causing  blizzard  conditions,  coastal  erosion,  and  maximum  high  tide 
levels  (Table  2),  Winds  recorded  at  Atlantic  City  during  this  period  exceeded 
72  kilometers  per  hour  and  were  above  54  kilometers  per  hour  for  a  3-day  period 
surrounding  12,  13,  and  14  January  (Fig.  18).  Surveys  of  the  beach  were  taken 
on  27  December  1963  and  again  on  15  January  1964  as  the  storm  was  abating. 
Erosion  along  the  island  was  general  except  at  profile  line  21.  Losses  from 
profile  lines  13,  18,  and  19  were  also  anomalously  small  compared  to  the  ether 
profiles.  Profile  lines  18  and  19  are  surrounded  by  older  groins,  but,  since 
the  groins  recorded  as  built  in  1964  were  probably  not  yet  in  place,  the  rea¬ 
son  for  only  a  moderate  loss  at  profile  line  13  is  not  clear.  Profile  lines 
1  to  4  at  the  north  end  of  the  island  were  apparently  protected  from  the  north¬ 
east  waves  by  the  Barnegat  Inlet  jetties  (Fig.  2). 
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Change  in  profile  above  MSL  sand  volume  due  to  selected  storms 


Storm  dates 


27  Dec.  1962- 
1}  Jan.  1961 

(mV«) 

13-24  Her 
1973 

(■V») 

-  6.90 

-  8.49 

-  8.79 

-  1.31 

10.45 

-  5.31 

-  0.69 

-  57.05 

-  15.58 

-  4.90 

-  69.68 

-  10.14 

-  33.13 

-  11.10 

-  6.04 

-  26.99 

-  24.04 

-  13.21 

-  33.14 

-  32.84 

-  7.82 

-  69.15 

-  40.23 

-  11.13 

-  39.12 

-  44.48 

-  10.25 

-  35.72 

-  52.96 

-  30.02 

-  25.31 

-  44.10 

-  19.89 

-  45.68 

-  28.27 

19.71 

-  14.20 

-  15.27 

-  29.40 

-  26.15 

-  3.71 

-  44.45 

-  34.29 

-  26.44 

1.34 

-  19.03 

-  26.55 

-  12.58 

-  14.18 

19.97 

-  14.77 

-  15.97 

-  11.92 

-  41.08 

2.36 

-  11.84 

9.71 

2.18 

43.55 

-  19.44 

-  1.23 

-  17.02 

-  14.78 

-  3.18 

9.70 

-  6.26 

8.39 

0.50 

-  15.35 


Figure  18.  Wind  diagram  from  data  recorded  at  Atlantic  City  for 
December  1963  to  January  1964, showing  a  northeast 
storm  of  12  January  and  beach  surveys.  The  gap  from 
30  December  through  2  January  Is  from  a  change  In 
data  format  between  1963  and  1964. 


(4)  Northeast  Storm.  12  November  1968.  A  short-lived,  intense  north¬ 
east  storm  with  rain,  snow,  and  wind  caused  erosion  along  the  island  during 
the  survey  interval  from  23  October  to  13  November  1968  (Fig.  19,  Table  .2). 
Erosion  was  widespread  and  severe,  particularly  north  of  the  causeway  and  in 
segments  to  the  south.  Profile  lines  1  and  2,  enclosed  by  the  jetties,  showed 
erosion  and  accretion,  respectively.  Profile  lines  3  and  4  suffered  a  severe 
loss  of  sand  volume.  This  is  in  contrast  to  the  response  shown  for  the  13 
January  1964  storm  during  which  the  profile  lines  were  protected  by  the  jetty. 
Since  both  generated  high  storm  tides,  differences  in  the  wind  patterns  may 
account  for  the  response.  Winds  during  the  January  storm  were  from  the  west 
northwest,  with  the  Atlantic  beach  face  protected,  on  the  11th  and  began  to 
develop  strongly  from  the  nor th- northeast ,  essentially  parallel  to  shore,  on 
the  12th.  The  winds  remained  strong  but  rotated  counterclockwise  blowing  from 
the  west  on  the  16th.  This  is  the  classic  pattern  of  winds  generated  by  a  low- 
pressure  system  seaward  of  the  island  moving  up  the  coast.  A  similar,  though 
much  less  intense  low  on  10  November  1968  followed  the  same  pattern  as  the 
13  January  1964  storm.  This  storm,  however,  was  followed  by  intense  winds 
from  the  east-northeast  in  a  direction  nearly  parallel  to  the  south  Barnegat 
Inlet  jetty.  This  direction  of  wave  approach  combined  with  local  refraction 
which  may  have  focused  the  wave  energy  was  apparently  sufficient  to  cause  a 
large  amount  of  erosion  to  profile  lines  3  and  4  as  well  as  others.  Profile 
lines  6  to  12  were  also  severely  cut  back  during  this  event,  as  were  profile 
lines  14  and  15.  The  south  end  of  the  island  from  profile  line  15  showed 
great  variability  with  profiles  alternately  eroding  and  accreting  (Table  3). 
Most  of  the  groins  were  in  place  during  this  period  with  the  exception  of  the 
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structures  built  in  1969  around  profile  line  13.  This  profile  again  was  not 
as  severely  affected  as  many  others. 


N 


Figure  19.  Diagram  of  winds  recorded  at  Atlantic  City, 
October-November  1968,  showing  northeast 
storm  of  12  November  and  beach  surveys. 


(5)  Spring  Storm,  21  March  1973.  This  coastal  storm  differs  from  the 
previous  three  since  the  strongest  winds  from  the  south  and  southwest  were 
caused  by  a  low-pressure  system  centered  west  of  the  Island  that  moved  north¬ 
ward.  These  winds  (Fig.  20),  which  reached  intensities  of  90  kilometers  per 
hour,  swung  clockwise  from  south  to  northwest  before  abating.  Winds  from  the 
north  and  northeast  were  then  built  up  to  intensities  of  54  kilometers  per  hour 
during  the  24  March  survey.  Though  this  is  the  only  local  storm  during  the  sur¬ 
vey  interval,  the  high-velocity  shifting  winds  made  interpretations  difficult. 
Erosion  was  widespread  over  the  profiles  though  not  as  severe  as  during  the  win¬ 
ter  northeast  storms  in  spite  of  the  high  winds  (Table  2).  All  profiles  from 
profile  line  11  north  showed  a  loss  in  volume  over  this  interval  except  the 
closely  spaced  profile  lines  22  to  30  used  for  the  groin  field  studies.  South 
of  profile  line  11,  the  changes  were  extremely  variable,  ranging  from  a  loss 
of  12.15  cubic  meters  per  meter  at  profile  line  15  to  a  marked  gain  of  43.55 
cubic  meters  per  meter  at  profile  21.  Closely  spaced  profiles  were  being  sur¬ 
veyed  during  this  period.  This  data  set  is  examined  in  Section  IV-3. 
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Figure  20.  Diagram  of  winds  recorded  at  Atlantic  City,  March 
1973,  showing  strong  southwest  winds  followed  by 
a  northeast  storm.  Erosion  was  not  particularly 
severe  on  Long  Beach  Island. 


b.  Seasonal  Changes.  There  is  a  definite  seasonal  cycle  associated  with 
the  frequency  and  intensity  of  storms  recorded  at  the  Atlantic  City  reporting 
station  (Fig.  10).  West  coast  beaches  respond  to  seasonal  differences  in  wave 
climate  caused  by  winter  storms  and  exhibit  a  distinct  bimodal  character, 
being  eroded  with  concave-upward  profiles  during  winter  and  convex-upward  pro¬ 
files  in  summer  (Shepard,  1950;  Komar,  1976;  Fox  and  Davis,  1978).  The  sea¬ 
sonal  signal,  if  it  exists,  may  also  be  detected  in  the  empirical  eigenfunction 
analysis.  The  seasonal  cycles  are  clearly  discernible  in  the  second  temporal 
eigenfunction  of  Aubrey  (1978)  from  studies  conducted  on  Torrey  Pines  Beach. 

If  the  record  is  demeaned,  a  strong  seasonal  signal  should  show  in  the  first 
beach  eigenfunction.  The  ideal  record  from  which  to  extract  the  seasonal  sig¬ 
nal  is  one  that  is  evenly  and  often  sampled  during  all  seasons.  This  requires 
at  least  monthly  surveys  of  the  profile  sites.  The  sampling  distribution  for 
Long  Beach  Island  was  not  evenly  distributed  as  shown  in  Figure  4.  Summer  sea¬ 
sons,  particularly  during  1964-69,  were  infrequently  sampled  with  some  seasons 
missed  completely.  The  other  seasons  were  more  frequently  sampled  since  more 
beach  changes  were  expected. 

Several  periods  of  frequent  sampling  were  selected  during  1963  and  again 
in  1969-71.  Eigenfunction  analysis  was  performed  on  selected  profiles  not 
directly  adjacent  to  groins  to  determine  a  seasonal  variation.  A  definite 
seasonal  variability  is  seen  in  the  first  temporal  eigenfunction  (Fig.  21)  with 
mean  removed.  The  trend  is  not  as  marked  as  on  west  coast  beaches.  Profile 
lines  5  and  11  show  a  low  at  the  beginning  of  1970  and  a  rise  in  the  midyear. 

A  similar  pattern  is  seen  in  1971.  Profiles  14  and  16  do  not  show  as  marked  a 
trend  and  appear  to  be  out  of  phase  with  the  other  profile  lines.  Whether  this 
is  an  opposite  seasonal  trend  or  the  result  of  a  sign  ambiguity  in  the  eigen¬ 
function  analysis  is  under  study.  However,  the  seasonal  cycle  can  be  seen  in 
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Figure  21.  First  temporal  eigenfunction,  mean  removed,  for 
profile  lines  5,  11,  14,  and  16.  Profile  lines 
were  selected  to  be  as  evenly  spaced  as  possible 
by  season  and  to  minimize  groin  effects. 
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each  of  the  selected  profile  lines.  Previous  studies  of  MSL  shoreline  and 
beach  volume  changes  had  concluded  that  a  well-defined  seasonal  response  was 
not  found  on  Long  Beach  Island  (Everts  and  Czernlak,  1977).  Goldsmith,  Farrell, 
and  Goldsmith  (1974)  also  concluded  that  during  a  1-year  study  (1973-74)  of 
biweekly  profile  measurements  at  the  southern  end  of  Long  Beach  Island  there 
was  no  overall  seasonal  trend.  These  data  were  not  analyzed  using  empirical 
eigenfunctions.  The  fact  that  the  seasonal  signal  can  be  shown  here  by  a 
quantitative,  objective  method  emphasizes  the  value  of  the  technique  applied 
to  well-planned  data  sets. 

c.  Long-Term  Changes.  One  of  the  goals  of  the  BEP  was  to  determine  the 
long-term  trend  of  beach  development  at  the  various  evaluation  sites.  This  is 
important  from  the  standpoint  of  planning  the  beach  preservation  strategy  as 
well  as  assessing  the  effectiveness  of  existing  beach  protection  measures.  A 
study  of  long-term  shoreline  changes  along  the  mid-Atlantic  coast,  from  Beach 
Haven  Inlet  to  Shackleford  Bank,  North  Carolina,  was  recently  completed  by 
Dolan,  et  al.  (1979).  Air  photos,  some  dating  back  to  1930,  were  used  to  determine 
the  rate  of  shoreline  change  of  the  barrier  islands  and  headlands  along  the 
630-kilometer  section  of  coastline.  Erosion  rates  averaged  1.5  meters  per  year, 
but  were  extremely  variable  with  the  greatest  erosion  rates  occurring  on 
unstructured,  small  barrier  islands.  Accretion  was  observed  in  developed  areas 
near  the  north  end  of  the  study  area  where  beaches  are  maintained  by  groins, 
jetties,  and  beach  nourishment.  The  results  of  Dolan, et  al.  (1979)  should  not 
be  extrapolated  to  Long  Beach  Island,  but  they  do  indicate  that  long-term 
erosion  is  not  a  necessary  and  general  condition  in  the  adjacent  area  to  the 
south. 

Trends  in  the  change  of  MSL  shoreline  position  and  volume  over  the  period 
of  the  study  are  apparent  from  the  figures  in  Appendixes  B  and  E.  A  qualita¬ 
tive  indication  of  the  trend  in  the  above  parameters  as  well  as  that  apparent 
from  the  first  beach  eigenfunction  of  the  total  and  demeaned  data  set  is  shown 
in  Table  4.  Linear  regression  was  not  used  because  the  resulting  slope  implies 
a  degree  of  precision  and  predictability  that  is  unwarranted  by  these  data.  The 
volume  change  shows  that  only  one  profile  line  (21)  showed  a  decrease  over  the 
study  period.  All  of  the  other  profiles  indicated  a  volume  increasing  with 
time  or  no  change.  The  first  eigenfunction  of  the  demeaned  data  is  particularly 
well  correlated  with  the  rate  of  volume  change.  Comparison  of  the  trends  shows 
a  one  to  one  correspondence  in  most  cases.  Profile  lines  17  and  18  indicate  a 
negative  correlation  between  the  first  demeaned  beach  eigenfunction  and  rate 
of  volume  change.  This  is  due  to  a  sign  ambiguity  which  exists  in  the 
numerical  solution  for  the  eigenfunctions  and  eigenvalues.  It  may  be  resolved 
by  integrating  the  product  of  the  first  temporal  eigenfunction  and  the  first 
spatial  eigenfunction  over  the  length  of  the  profile.  No  long-term  trends 
were  obtainable  from  the  1-year  record  of  profiles  within  the  groin  field 
(profile  lines  21  to  30).  Profile  line  7,  in  that  region,  showed  no  trend 
in  the  rate  of  volume  change.  This  analysis  indicates  that,  in  spite  of  large 
variability  in  above  MSL  volume,  most  of  the  profiles  along  Long  Beach  Island 
are  stable  and  many  are  accreting  over  the  term  of  the  study. 

Profile  measurements  were  extended  offshore  to  a  depth  of  approximately 
10  meters  in  1937,  1955,  1963,  and  1965.  Detailed  soundings  were  made  in 
Barnegat  and  Beach  Haven  Inlets  and,  during  the  latter  3  years,  were  rela¬ 
tively  evenly  spaced  along  the  beaches  as  well  (Fig.  4).  Many  of  the  offshore 
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profile  locations  corresponded  to  those  used  for  the  beach  surveys.  Profile 
measurements  were  made  at  different  times  of  year  (e.g.,  the  1955  measurements 
were  "Feb. -Sept. 1963  -  "Oct.,"  and  1965  -  "Sept.").  It  is  not  known  what 
the  normal  variability  of  the  profiles  is, so  comparisons  must  be  interpreted 
with  caution.  The  profile  lines  obtained  from  the  Philadelphia  District  were 
integrated  from  the  MSL  position  to  about  the  -10-meter  MLW  contour  in  order 
to  compare  the  change  in  offshore  sand  accumulation.  The  integration  was  car¬ 
ried  out  at  3-meter  depth  intervals  in  order  to  compare  the  variability  at  the 
shallow  intermediate  and  deep  region.  The  change  in  area  under  each  profile 
line  as  well  as  the  net  area  change  over  the  interval  were  computed.  During 
the  interval  1955-63,  half  of  the  profiles  gained  sand  while  half  showed  no 
change  (profile  69)  or  lost  sand.  Much  of  the  gain  over  this  interval  took 
place  in  profiles  72  and  73.  A  detailed  look  at  the  profiles  showed  a  series 
of  offshore  bars  which  were  nearly  in  phase  between  1963  and  1965  but  which  were 
displaced  landward  more  than  120  meters  in  1955.  Since  similar  sand  waves 
were  in  phase  during  all  three  profiles  at  other  locations,  it  is  probable 
that  the  displacement  was  caused  by  a  systematic  error  in  the  measurement. 

Most  of  the  variability  in  the  other  profile  lines  took  place  near  the  shore 
at  depths  of  -2  meters  MLW  or  less.  It  is  possible  that  the  large  Increase 
in  offshore  sand  volume  between  1955  and  1963  is  the  result  of  erosion  from 
the  beach  during  the  March  1962  storm. 

Many  of  the  profiles  showed  bars  nearshore  before  grading  smoothly  at  a 
slope  of  about  1:20  seaward  to  the  -6-meter  depth.  The  slope  then  abruptly 
decreased  to  about  1:200  or  less.  Offshore  features  with  relief  less  than 
the  contour  interval  of  the  bathymetric  chart  (6  feet)  do  not  appear  on  the 
charts.  Profile  58,  however,  shows  three  sand  waves  with  wavelengths  of 
about  700  meters  and  amplitudes  of  about  1.5  meters  present  and  in  phase  in 
the  1963-65  profiles.  Much  of  the  feature  was  also  apparent  in  1955. 


Though  a  firm  conclusion  is  not  possible  from  these  data,  the  offshore 
features,  such  as  bars  and  shoals,  at  depths  of  6  meters  and  beyond  appear  to 
be  stable,  suggesting  that  most  of  the  variability  in  sand  volume  takes  place 
in  the  shallow  beach  face  at  depths  less  than  3  meters. 

2.  Spatial  Variability. 

Longshore  and  onshore-offshore  variations  in  beach  morphology  were  examined 
to  determine  systematic  spatial  variability  including  effects  due  to  the  prox¬ 
imity  of  profile  lines  to  shore  protection  structures.  Total  volume  calculations 
are  often  used  as  an  indicator  of  the  direction  and  degree  of  beach  erosion  or 
accretion.  Calculations  based  on  these  profiles  are  shown  as  volume  changes 
above  the  MSL  shoreline  in  Appendix  D,  and  the  method  of  calculation  is  ex¬ 
plained  in  Section  3.  The  amount  of  beach  (sand)  volume  depends  upon  the  off¬ 
shore  distance  to  which  the  calculations  extend.  If  the  distance  is  short, 
the  recorded  changes  may  have  occurred  only  in  the  berm  while  very  long  profiles 
may  show  no  net  change  because  onshore  accretion  is  compensated  by  offshore 
erosion.  The  existence  of  nodal  points  in  the  profiles  representing  onshore- 
offshore  sediment  exchanges  (e.g.,  Aubrey,  1979)  emphasizes  the  importance  of 
selecting  the  proper  offshore  distance  for  volume  calculation,  especially  when 
comparing  results  between  different  profile  lines.  Since  the  eigenfunction 
analysis  retains  spatial  covariance  information,  volume  changes  can  be  readily 
calculated  to  any  offshore  distance,  with  the  nodal  points  well  delineated. 


Changes  in  the  MSL  shoreline  have  been  calculated  as  discussed  in  Section 
3,  and  are  graphed  for  each  profile  line  in  Appendix  B.  This  parameter  is 
sometimes  invoked  as  an  indicator  of  seasonal  beach  changes  and,  indeed,  may 
show  persistent  long-term  trends.  Short-term  changes  in  MSL  intercept  may 
also  be  caused  by  migrating  rhythmic  topographic  features,  such  as  cusps  or 
rip  channels,  and  may  be  incorrectly  interpreted  unless  closely  spaced  profile 
lines  are  obtained. 

The  major  disadvantage  of  the  eigenfunction  technique  is  that  the  results 
may  be  more  obscure  than  simple  volume  calculations  or  MSL  intercept  plots. 

Beach  changes  may  be  regular  and  predictable,  but  the  eigenfunctions  do  not 
always  have  simple  physical  interpretations.  In  much  work  to  date  on  west 
coast  beaches,  the  eigenfunctions  have  had  physical  analogues  (e.g.,  Winant, 
Inman,  and  Nordstrom,  1975;  Winant  and  Aubrey,  1976;  Aubrey,  1979).  Eigen¬ 
function  analyses  on  other  beaches  have  shown  similar  characteristic  shapes. 

The  alongshore  variability  of  the  beach  profile  measurements  has  been  in¬ 
vestigated  by  plotting  the  mean  square  value  (MSV)  and  variance  (VAR)  of  each 
line  1  through  21.  No  consistent  trends  emerged  from  this  analysis  except  for 
the  plot  of  total  VAR  of  the  demeaned  data  (Fig.  22).  Though  the  conclusion 
must  remain  tentative,  since  each  profile  line  did  not  contain  the  same  number 
of  points  nor  extend  the  same  distance  offshore,  there  is  a  trend  of  increas¬ 
ing  variability  from  north  to  south  along  the  Island.  The  reason  for  the 
greater  variability  (if  it  is  real)  may  be  associated  with  more  active  trans¬ 
port  processes  occurring  along  the  unstructured  Beach  Haven  Inlet. 

The  alongshore  variation  was  also  examined  to  see  if  differences  existed 
between  profiles  relatively  evenly  spaced  between  groins  (profile  lines  5,  7, 

9,  12,  13,  14,  16,  20)  and  those  closely  adjacent  to  groins  (profile  lines  4, 

6,  8,  10,  11,  15,  17,  18).  No  marked  difference  was  discernible  from  these  data 
The  eigenfunction  analysis  did  not  differentiate  between  beach  responses  to 
structural  control  simply  on  the  basis  of  gross  characteristics  such  as  MSV, 

VAR,  and  percentage  of  VAR  accounted  for  by  the  first  eigenfunction.  Exami¬ 
nation  of  the  closely  spaced  profile  lines  within  the  groin  field  (profile 
lines  22  to  30)  will  be  discussed  later  in  this  report. 

The  demeaned  spatial  profiles  demonstrate  two  major  relationships  between 
the  first  and  second  eigenfunctions  (Fig.  23, a).  The  first  group  of  profile 
lines  (1,  2,  4,  5,  6,  10,  11,  12,  14  to  17,  19,  20)  is  the  dominant  form  and 
has  the  second  eigenfunction  in  phase  spatially  with  the  first  on  the  beach 
backshore,  and  out  of  phase  in  the  foreshore.  For  a  positive  temporal  second 
eigenfunction  [c2(t)],  the  second  eigenfunction  shows  an  enhanced  buildup  in 
the  backshore  and  a  reduced  buildup  in  the  foreshore.  For  a  negative  weight¬ 
ing  for  C2(t),  the  backshore  erodes  while  the  foreshore  accretes.  Since  the 
second  eigenfunction  is  always  less  dominant  than  the  first,  this  effect  is 
second  order. 

The  second  profile  grouping  (profile  lines  7,  8,  9,  13,  18)  is  shown  in 
Figure  23(b).  The  first  eigenfunction  has  a  spatial  sign  difference  between 
the  foreshore  and  backshore,  while  the  second  eigenfunction  has  no  sign  dif¬ 
ference.  This  eigenfunction  representation  shows  the  same  result  as  the  pre¬ 
vious  grouping;  a  positive  weighting  on  the  second  function,  C2(t),  indicates 
accretion  on  the  backshore  and  erosion  on  the  foreshore,  while  a  negative  C2(t) 
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Figure  22.  Total  variance  from  empirical  eigenfunction  analysis 
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Figure  23.  Characteristic  shapes  of  the  demeaned  beach  eigenfunctions  for 

Long  Beach  Island.  The  first  two  spatial  eigenfunctions  are  shown. 


Indicates  erosion  on  the  backshore  and  accretion  on  the  foreshore.  The  primary 
difference  in  the  two  eigenfunction  representations  is  the  negative  cov.ariance 
between  the  foreshore  and  backshore  in  the  first  eigenfunction  for  the  second 
grouping  and  positive  covariance  for  the  first  set  of  profiles.  No  physical 
explanation  for  the  different  beach  response  for  these  two  groupings  is 
apparent. 

For  the  mean  beach  eigenfunction  (those  with  the  mean  profile  retained), 
the  first  eigenfunction  Is  analogous  to  a  mean  beach  profile.  There  is  con¬ 
siderable  variation  in  the  beach  slopes  for  the  different  profiles,  but  the 
eigenfunction  analysis  shows  no  systematic  relationship  between  these  pro¬ 
file  slopes  and  proximity  to  beach  structures. 

3.  Groin  Field  Studies. 

Closely  spaced  profiles  were  taken  along  a  section  of  beach  protected  by 
evenly  spaced  groins  between  the  towns  of  Loveladies  and  Harvey  Cedars  (profile 
lines  22  to  30).  Ten  surveys  of  each  profile  line  were  made  over  a  period  of 
nearly  1  year  (28  Aug.  1972  to  11  June  1973).  Each  set  of  parallel  profile 
lines,  three  within  each  groin  compartment,  was  arranged  with  the  center  profiles 
(23,  26,  29)  spaced  equally  between  the  groins  and  the  other  lines  two-thirds 
of  the  remaining  distance  to  the  groin  on  either  side.  Changes,  between  surveys, 
in  MSL  position  and  sand  volume  at  each  profile  line  have  been  prepared  in 
Appendixes  B  and  D  ,  respectively.  The  changes  within  the  groin  field  between 
survey  dates  are  shown  in  Figure  24  for  MSL  position  and  Figure  25  for  above 
MSL  sand  volume.  Comparison  of  Figures  24  and  25  shows  that  the  above  MSL 
volume  change  is  highly  correlated  with  the  MSL  position  change. 

Visual  wave  observations  were  made  once  each  day  in  the  vicinity  of  Harvey 
Cedars  during  much  of  the  period  of  these  surveys.  These  data  are  not  suitable 
for  quantitative  determinations  of  transport  rate  and  direction  because  direc¬ 
tion  estimates  are  imprecise  and  data  are  not  complete.  The  visual  data  were 
reviewed,  however,  for  qu...itative  estimates  of  transport  during  each  measure¬ 
ment  Interval. 

a.  29  Aug.  -  16  Oct.  1972.  Few  visual  wave  observations  were  taken  during 
this  interval  and  none  are  available  after  21  September.  It  is  obvious,  how¬ 
ever,  that  each  groin  cell  responded  similarly  to  processes  occurring  before 
the  16  October  survey.  The  north  side  of  each  groin  cell  (A,  B,  C  in  Figs.  24 
and  25  )  shows  general  erosion  while  the  south  side  shows  accretion,  indicating 
longshore  transport  from  north  to  south.  The  net  gain  in  above  MSL  sand  volume 
in  each  groin  cell  indicates  that  sand  must  have  been  contributed  to  the  groin 
field  from  offshore  or  updrift.  Tropical  storm  Carrie  occurred  shortly  after 
29  August,  but  its  influence  on  the  measured  beach  changes  is  unknown. 

b.  16  Oct.  -  4  Dec.  1972.  The  pattern  of  change  in  above  MSL  volume  and 
MSL  position  reversed  in  all  groin  cells  during  this  interval.  Erosion  occurred 
at  the  south  end  of  each  cell  with  accretion  at  the  north  end.  No  storms  are 
recorded  during  the  interval  (Table  2)  but  visual  wave  observations  are  avail¬ 
able  for  30  of  the  49  days.  Most  of  these  record  waves  approaching  from  directly 
offshore.  Two  days  prior  to  the  survey,  however,  waves  were  observed  breaking 

at  an  angle  from  5°  to  30°  to  the  shoreline,  approaching  from  the  south.  These 
would  have  induced  northward  transport  and  may  be  responsible  for  the  observed 
pattern  of  change. 
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c.  4  Dec.  1972  -  2  Jan.  1973.  Visual  wave  observations,  available  for  15 
days  of  the  27-day  Interval,  indicate  tliat  waves  arrived  oblique  to  the  shore¬ 
line  more  than  half  of  the  time  reported.  Height  and  number  of  observations 
indicate  transport  from  north  to  south  was  predominant.  The  MSL  shoreline  re¬ 
ceded  at  all  groin  cells  during  the  interval  with  slightly  less  erosion  at  the 
south  end  of  two  of  the  cells.  The  MSL  shoreline  position  changed  little  in 
cell  C  while  the  above  MSL  sand  volume  increased  in  the  same  cell  indicating 
berm  building  over  the  interval. 

d.  2  Jan.  -  13  Feb.  1973.  A  pattern  of  change  was  reestablished  in  the 
groin  cells  during  this  Interval  indicating  transport  from  north  to  south  at 
the  time  of  measurement.  Visual  wave  observations  were  made  for  27  days  of  the 
43-day  period.  Only  10  of  these  are  indicated  as  providing  an  oblique  approach 
(6  from  north,  4  from  south).  Observations  from  the  Atlantic  City  recording 
station  show  that  winds  were  from  the  northwest  during  much  of  the  interval 
with  several  periods  of  southerly  winds  (Fig.  26).  The  latter  caused  waves 
from  the  southwest.  A  northeast  storm  occurred  about  9  February  causing  the 
largest  waves  of  the  interval  (1.25  to  1.50  meters)  from  that  direction  and 
was  probably  the  important  influence  on  the  observed  changes.  The  measured 
beach  topography  for  each  of  these  dates  is  shown  in  Figure  27(a)  and  (b)  with 
the  regions  of  erosion  and  deposition  shown  in  (c) .  The  topography  and  change 
directly  adjacent  to  the  groins  have  been  estimated.  The  map  of  the  difference 
between  the  two  topographies  shows  the  pattern  of  erosion.  Each  cell  eroded  on 
the  northern  side  and  accreted  on  the  southern  side.  There  was  a  net  loss  in 
sand  volume  during  the  interval  suggesting  that  sand  was  moved  offshore  or 
elsewhere  out  of  the  range  of  the  survey  measurements. 

e.  13  Feb.  -  17  Apr.  1973.  Beach  changes  during  these  four  intervals 
showed  no  particular  pattern  by  groin  cell  attributable  to  available  wave 
and  wind  data.  Visual  wave  observations,  recorded  daily  for  more  than  90 
percent  of  the  Interval,  suggest  that  the  predominant  transport  is  from  north 
to  south. 

f.  17  Apr.  -  11  June  1973.  Almost  half  (25  of  54)  of  the  visual  wave 
observations  during  this  interval  indicate  the  predominant  transport  direction 
should  be  toward  the  north,  and  this  is  reflected  in  the  pattern  of  change 
observed  in  the  groin  field.  The  north  side  of  each  cell  accreted  while  the 
south  side  eroded.  There  was  a  net  gain  in  sand  volume  throughout  the  groin 
field  with  cell  A  showing  general  accretion  from  side  to  side. 

The  pattern  of  change  in  each  groin  cell  for  the  entire  study  interval 
(28  Aug.  1972  to  11  June  1973)  is  shown  in  Figure  28(a)  and  (b)  for  MSL  shore¬ 
line  and  above  MSL  volume,  respectively.  They  compare  the  mean  change  in  each 
groin  cell  with  the  net  change  for  each  profile.  The  data  are  not  sufficient 
for  statistical  tests  of  significant  difference;  however,  the  standard  deviation 
(sd)  about  the  mean  is  Indicated  on  the  southernmost  profile  line  of  each  cell 
(i.e.,  profile  lines  24,  27,  30).  The  fact  that  the  same  pattern  of  change  is 
shown  in  each  groin  cell  indicates  that  the  measured  response  is  real  and  that 
the  groins  have  Influenced  the  littoral  transport  process.  The  mean  change  in 
each  cell  was  greater  than  zero  indicating  that,  over  the  period  of  measurement, 
the  beach  experienced  a  net  accretion.  The  mean  increase  in  above  MSL  volume, 
for  instance,  was  greatest  in  cell  B  (28  cubic  meters  per  meter)  and  least  in 
cell  A  (5  cubic  meters  per  meter).  The  mean  Increase  in  cell  C  was  22  cubic 
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and  northeast  winds.  Resulting  beach  changes  are  shown  in  Figure  27. 
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Figure  27.  Contoured  beach  topography  for  surveys  taken  2  January 
and  13  February  1973  and  the  contoured  difference 
between  surveys.  The  contour  between  the  groin  and 
the  profile  line  was  estimated. 
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Figure  28.  Net  change  in  MSL  shoreline  (m)  and  unit  volume  (m^/m)  from 
29  August  1972  to  11  June  1973  for  each  profile  line  with 
mean  change  In  each  groin  cell  removed.  Standard  deviation 
(sd)  of  each  mean  is  shown  at  the  right  of  each  cell. 
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meters  per  meter.  The  reason  for  the  large  difference  between  cell  A  and  the 
two  other  cells  Is  not  known.  Each  cell  shows  a  change  in  above  MSL  volume  at 
the  north  side  which  is  negative  relative  to  the  mean  while  the  south  side  of 
the  cell  is  less  than  the  mean  but  positive  in  the  two  southern  cells.  The 
latter  suggests  net  transport  toward  the  south  while  cell  A  suggests  a  slight 
net  transport  toward  the  north.  Rates  of  transport  cannot  be  determined  from 
the  available  data.  This  section  of  beach  may  be  the  site  of  a  local  nodal 
point  in  sand  transport  direction.  Similar,  closely  spaced  profile  line  studies 
in  groin  cells  to  the  north  would  be  necessary  to  confirm  this  possibility. 

The  variability  in  the  change  within  each  groin  cell  indicates  that  repeated 
measurements  of  single  profile  lines  placed  between  adjacent  closely  spaced 
groins  may  not  accurately  reflect  the  change  within  that  cell.  Figure  28  indi¬ 
cates  that  profile  lines  located  in  the  middle  of  a  groin  cell  would  show  a 
net  change  greater  than  the  mean,  while  profile  lines  near  the  groins  would  show 
a  lesser  or  negative  rate  of  change.  At  least  three  profile  lines  should  be 
located  within  a  groin  cell  in  order  to  resolve  the  direction  of  net  transport 
and  amount  of  change.  The  distribution  of  change  within  a  cell  also  implies 
that  regression  estimates  of  the  rate  of  change  in  MSL  shoreline  or  above  MSL 
sand  volume  from  the  available  data  from  other  profile  lines  would  not  provide 
a  meaningful  indication  of  beach  development. 


V.  DISCUSSION 


1 .  Profile  Changes. 

The  profile  lines  along  the  Long  Beach  Island  beaches  are  characterized 
by  a  high  degree  of  variability  that  occurs  on  a  number  of  time  and  space 
scales.  The  empirical  eigenfunction  analysis  has  shown  (Fig.  22)  that  the 
variability  generally  increases  from  the  north  end  of  the  island,  which  has 
been  stabilized  by  the  Bamegat  Inlet  jetties,  toward  the  unstructured  Beach 
Haven  Inlet.  The  profile  lines  between  these  two  extremes  have,  with  the 
exception  of  the  groin  field  studies,  been  placed  along  the  beach  with  little 
regard  for  proximity  or  relationship  to  the  groins.  The  beach  variability 
prior  to  groin  construction  is  unknown  so  it  is  not  possible  to  assess  the 
effect  the  structures  have  had  on  this  factor.  A  long-term  study  on  an  un¬ 
structured  beach  in  a  similar  environmental  setting  would  provide  a  useful 
contrast  of  processes.  Island  Beach  State  Park,  north  of  Barnegat  Inlet,may 
provide  a  reasonable  candidate  site  for  a  comparative  study. 


The  erosion  or  accretion  rate  of  the  Long  Beach  Island  shoreline  remains 
unresolved.  Linear  regression  analysis  was  used  on  profile  lines  1  to  21  to 
estimate  the  rate  and  direction  of  change  in  the  MSL  shoreline  position.  All 
except  five  of  the  profile  lines  (7,  8,  9,  11,  21)  showed  a  positive  correla¬ 
tion  between  the  MSL  shoreline  and  time.  The  mean  accretion  rate  of  0.56 
meter  per  year  indicates  that  the  beaches  along  the  Island  are  building  sea¬ 
ward  even  in  the  period  of  long-term  sea  level  rise.  The  method  of  Weggel 
(1979)  was  used  to  estimate  the  expected  erosion  rate  caused  by  the  latter. 
This  estimate  is  0.68  meter  per  year.  Both  of  these  must  be  treated  with 
caution  since  they  are  based  on  assumptions  that  may  not  be  valid  for  the  Long 
Beach  Island  system. 
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The  high  variability  in  the  MSL  position  and  sand  volume  may  also  be  related 
to  the  position  of  the  profile  lines  relative  to  offshore  features,  such  as 
sandbars  and  the  shore face-connected  shoals.  The  wave  refraction  diagrams 
(Figs.  11  to  16)  show  that  the  shoals  refract  simple  waves  approaching  from, 
for  instance,  the  northeast  in  complicated  ways.  Measurements  of  flow  over 
the  shoals  and  the  longshore  variation  in  wave  characteristics  may  be  neces¬ 
sary  to  adequately  resolve  this  question. 

The  available  data  were  evaluated  to  determine  the  direction  and  rate  of 
net  longshore  transport.  Neither  can  be  determined  with  certainty  using  these 
data,  but  strong  arguments  can  be  made  for  a  net  southerly  transport,  at  least 
south  of  profile  line  24.  Most  severe  storms  arrive  from  the  east  or  northeast, 
generating  longshore  currents  and  oblique  waves  which  transport  material  from 
north  to  south.  Clear  evidence  of  this  exists  in  the  single  year  study  of 
the  closely  spaced  profile  lines.  The  unfortunate  locations  of  other  single 
profile  lines  make  direct  confirmation  of  this  phenomenon  from  profile  line 
evidence  impossible.  Reversals  in  transport  direction  have  been  shown  to 
exist,  and  evidence  of  a  possible  node  in  the  transport  is  shown  along  closely 
spaced  profile  lines  22,  23,  and  24. 

Calculations  of  the  rate  of  littoral  transport  are  based  upon  a  linear 
relationship  between  the  volume  transport  rate  and  the  longshore  component 
of  wave  energy  flux  evaluated  at  the  breaker  zone,  (U.S.  Army,  Corps  of 

Engineers,  Coastal  Engineering  Research  Center,  1977).  Ihe  shallow-water  break¬ 
ing  criterion  and  solitary  wave  theory  can  be  used  to  show  that  Pj^g  is  quite 
sensitive  to  wave  height  and  breaker  angle.  Relatively  small  errors  in  these 
values  cause  large  errors  in  Pjig.  Visual  estimates  of  breaker  conditions, 
available  for  part  of  the  study,  indicated  a  predominance  of  normal  wave  inci¬ 
dence  with  this  zone  defined  as  waves  approaching  from  directly  offshore  to 
5°  on  either  side.  Transport  may,  therefore,  have  been  in  either  direc¬ 
tion.  The  transport  rate  relationship  to  energy  flux  is  based  upon  field 
measurements  on  plane,  unstructured  beaches  and  does  not  account  for  effects 
of  groins,  inlets,  tidal  currents  or  offshore  topography.  The  uncertainty 
caused  by  these  factors  makes  quantitative  estimates  of  the  transport  rate 
meaningless. 

2.  Civil  Engineering  Implications. 

The  Long  Beach  Island  beaches  were  identified  as  experiencing  "critical 
erosion"  (U.S.  Army  Engineer  Division,  North  Atlantic,  1971).  The  rate  of 
erosion  and  reason  for  this  designation,  however,  were  not  specified.  Evalu¬ 
ation  of  these  BEP  data  indicates  that  the  beaches  are  accreting  or  remaining 
stable  at  several  locations  and  in  spite  of  an  expected  erosion  trend  induced 
by  sea  level  rise.  Several  of  the  profile  lines  show  a  marked  increase  in 
sand  volume  after  groin  construction  began  in  1964.  Profile  lines  14,  16, 
and  17  Increased  in  sand  volume  and  have  remained  relatively  constant  since 
about  1968  (App.  D) .  Whether  this  trend  is  a  result  of  groin  construction 
or  a  natural  beach  cycle  is  unknown.  Profile  line  21  at  the  south  end  of  Long 
Beach  Island  is  near  the  last  structure  before  the  wildlife  refuge  and  has 
shown  a  marked  erosion  trend  over  the  course  of  the  study  which  may  be  related 
to  the  sand  trapping  by  the  groins  to  the  north.  This  conclusion  must  remain 
tentative  since  no  profile  data  are  available  prior  to  the  BEP. 


The  seasonal  cycles  in  the  beach  profiles  shovm  by  the  empirical  eigen¬ 
function  analysis  and  the  closely  spaced  profile  lines  have  implications  for 
beach-fill  operations  and  the  location  of  feeder  beaches.  Though  net  transport 
is  toward  the  south,  south  of  profile  line  24,  this  region  may  be  the  site  of 
a  local  transport  node  with  the  net  drift  north  of  this  region  toward  the  north. 
A  feeder  beach  located  north  of  the  node  would  not  supply  sand  to  the  southern 
beaches.  Sand  dredged  from  Rarncgat  Inlet  during  the  summer  of  1979  and  placed 
on  the  beaches  in  the  vicinity  of  profile  line  3  was  probably  transported  north¬ 
ward  or  offshore  where  it  reentered  the  inlet  system  rather  than  nourished  the 
southern  beaches.  Other  nodal  points,  either  temporary  or  permanent,  may 
exist  along  the  island.  Predicting  their  location  is,  at  present,  not  possible. 
Closely  spaced  profile  lines  placed  within  groin  cells  would  be  necessary  to 
determine  their  position  and  motion.  Studies  on  the  effectiveness  of  the  beach 
fill  and  its  direction  of  transport  are  being  conducted  (Ashley,  Halsey,  and 
Farrell,  1980). 

The  profile  envelopes  (App.  E)  show  that  the  sweep  zones  of  the  beach  pro¬ 
files  have  been  considerable  over  the  period  of  study.  Variations  of  as  much 
as  4  meters  are  not  unusual  in  the  region  of  the  MSL  intercept.  This  vertical 
excursion  of  the  profile  must  be  taken  into  account  in  the  design  of  pipelines, 
coastal  structures,  and  other  protection  measures. 

Limitations  in  the  amount  of  information  obtainable  from  the  Long  Beach 
Island  data  set  may  be  overcome  in  future  studies  by  alterations  in  the  sam¬ 
pling  design  which  take  into  account  the  beach  structures,  offshore  topography, 
nearshore  below  MSL  changes, •  waves,  currents  and  the  anticipated  methods  of 
data  analysis.  The  closely  spaced  profile  line  studies  show  that  beach  changes 
within  a  groin  cell  cannot  be  determined  with  fewer  than  three  profile  lines 
per  cell.  Comparative  analysis  may  be  done  with  this  data  set  and  that  from 
Westhampton,  New  York  (DeWall,  1979)  to  provide  additional  insight  into  the 
dynamics  of  groin  cells.  The  distribution  of  profile  line  measurements  depends 
upon  the  scale  of  the  processes  under  consideration  and  may  require  that  pilot 
studies  be  carried  out  for  at  least  one  season  before  the  final  design  is 
adopted.  It  is  likely  that  each  beach  environment  will  require  a  somewhat  dif¬ 
ferent  approach.  The  offshore  topography  must  be  considered  when  laying  out 
the  profile  lines.  The  linear  shoals  off  of  Long  Beach  Island  certainly  affect 
the  distribution  of  sand  transport  by  causing  differential  wave  refraction. 
Profile  lines  should  be  extended  farther  offshore  than  the  -2-foot  MSL  position 
as  was  done  in  this  study.  The  depth  of  measurement  depends  upon  the  wave 
regime,  currents,  expected  depth  of  sediment  movement  and  the  resources  of  the 
measurement  team,  but  should  extend  beyond  the  breaker  zone.  The  spacing  and 
timing  of  profile  line  measurement  again  depend  upon  the  scales  of  the  pro¬ 
cesses  but  also  on  the  expected  method  of  analysis.  Statistical  methods  includ¬ 
ing  eigenfunction  analysis  work  best  when  data  are  evenly  distributed  in  time 
and  space.  Sets  of  closely  spaced  profile  lines  laid  out  in  selected  groin 
fields  along  the  Island  would  have  been  appropriate  for  Long  Beach  Island.  The 
frequency  of  surveys  depends  upon  the  expected  total  length  of  the  time  series 
and  the  resources  available.  Monitoring  studies  should  last  several  years  to 
obtain  adequate  statistics  of  seasonal  variability  with  surveys  taken  each  month 
for  longer  studies  and  twice  each  month  for  short  studies.  Beach  changes  during 
storms  are  highly  nonlinear  and  can  be  extreme  in  a  short  amount  of  time. 

These  events  should  be  monitored  individually.  Wave  Information  is  best  ob¬ 
tained  by  a  reliable  gage  giving  height  and  direction.  Adequate  devices  are 
generally  not  available  or  are  very  expensive.  Well-trained  observers 
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can  be  substituted  for  machinery  for  much  of  the  study,  but  periods  of  wave 
data  may  be  closely  correlated  with  beach  changes  at  selected  times  in  the 
study  period.  Offshore  surveys  to  depths  of  10  meters  should  be  made  twice 
each  year  to  provide  a  total  record  of  nearshore  change. 

VI .  SUMMARY 

A  total  of  2,158  profile  surveys  were  taken  at  32  profile  line  locations 
along  Long  Beach  Island,  New  Jersey,  from  26  September  1962  to  12  June  1973. 

These  surveys  Included  closely  spaced  measurements  taken  at  nine  locations  within 
three  adjacent  groin  cells  for  a  pieriod  of  nearly  1  year  (August  1972  to  June 
1973).  The  data  were  checked  and  verified  by  CERC  personnel  and  subjected  to  a 
number  of  computer  analysis  techniques  to  obtain  changes  between  surveys  In  above 
MSL  unit  volume,  change  In  profile  area,  change  In  MSL  shoreline  Intercept,  profile 
envelopes,  and  linear  regression  trends.  Additional  processing  was  done  using 
empirical  eigenfunctions.  The  temporal  and  spatial  changes  of  the  profile  lines 
were  related  to  environmental  process  variables  such  as  wind,  waves,  and  storms. 

Seventy-seven  storm  events  were  identified  over  the  study  period  from  his¬ 
torical  records.  Beach  /:hanges  which  could  be  related  to  four  individual  storms 
were  selected  for  detailed  analysis.  The  most  severe  erosion  of  these  four 
storms  (between  23  October  and  13  November  1968)  caused  a  recession  of  the  MSL 
shoreline  of  about  22  meters  at  profile  line  4  where  the  volumetric  change  was 
nearly  10  cubic  meters  per  meter.  In  spite  of  the  generally  severe  erosion, 
several  of  the  profile  lines  accreted  during  the  Interval  emphasizing  the 
extreme  variability  which  was  a  general  characteristic  of  the  beach  changes 
during  the  study.  This  means  that  longtime  series  studies  are  required  to 
obtain  statistical  data  on  general  beach  trends. 

Detailed  studies  within  three  groin  cells  showed  that  at  least  three 
profile  lines  within  a  groin  cell  are  necessary  to  determine  the  net  erosion 
trend  and  transport  direction.  The  change  in  beach  volume  or  MSL  intercept 
shown  by  a  single  profile  line  in  a  groin  cell  does  not  necessarily  represent 
a  characteristic  change  for  that  cell.  Distance  weighted  volume  calculations 
made  from  single  profiles  along  a  structured  beach,  therefore,  are  of  question¬ 
able  value.  The  closely  spaced  profiles  and  analysis  of  storm  directions 
strongly  support  previous  conclusions  of  a  net  southward  littoral  transport 
at  least  south  of  profile  line  24.  Evidence  for  a  nodal  area  exists  in  that 
region. 

Regression  analysis  of  the  MSL  intercept  with  time  showed  most  profile 
lines  accreting.  The  maximum  and  minimum  accretion  values  were  2.3  and  0.24 
meter  per  year  at  profile  lines  19  and  10,  respectively.  The  maximum  erosion 
occurred  at  profile  line  21  which  is  receding  at  an  annual  rate  of  more  than  5 
meters  per  year.  The  low  value  for  most  of  the  regression  equations  empha¬ 
sizes  the  variability  of  the  individual  profile  lines.  Profile  line  21,  however, 
has  shown  a  persistent  erosion  trend  over  the  course  of  the  study.  There  is 
no  discernible  pattern  to  the  regression  values  along  the  beaches.  These  rates 
must  be  treated  with  caution  since  they  imply  a  degree  of  predictability  to  the 
long-term  trend  which  does  not  exist. 

Though  transport  is  toward  the  south  along  most  of  the  beach,  the  closely 
spaced  profile  lines  show  shifts  in  the  beach  pattern  that  indicate  reversals 
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when  waves  arrive  from  the  southeast,  these  reversals  and  the  location  of 
nodal  zones  should  be  considered  in  the  development  of  future  beach  protection 
strategies. 

Suggestions  for  the  design  of  future  beach  monitoring  studies  have  been 
developed.  These  require  that  the  consideration  be  given  the  method  of  analy¬ 
sis  when  selecting  the  temporal  and  spatial  scales  of  the  beach  profile  lines. 
Ocher  factors  that  must  be  considered  are:  location  of  profile  lines  relative 
to  structures,  offshore  topography,  possible  nodal  zones,  and  available  resources. 
Pilot  studies  are  suggested  before  the  final  monitoring  design  is  adopted. 
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The  ataclon  ia  located  at  the  north  end  of  Long  Beach  Island  at  Barnegat  Light 
at  the  Intersection  of  4th  St.  and  Central  Ave,  It  is  58.60'  south  of  a  FK  nail 
In  a  fower  pole  (B.T,301148) ;  10.00'  west  cf  a  PK  nail  in  a  power  pole  (no  number] 
;  and  9.35'  HE  of  the  NE  corner  of  a  two  story  dwelling  at  401  4th  St. 

The  station  la  set  flush  with  the  ground. 
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Station  is  located  at  the  northern  end  of  Long  Beach  Island  at  Barnegat 
Light,  approximately  200*  east  of  east  end  of  lOth  St.  on  top  of  a  high  sand  dune. 
The  station  is  7.32*  of  PK  nail  in  top  of  fence  post;  5.00’  souc'i  of 
PK  nail  in  4”  x  4"  witness  post;  and  5.00*  north  of  PK  nail  in  4'*  x  4’*  witness 
post. 

The  station  is  flush  with  the  ground. 
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Station  la  located  at  the  northern  end  of  Long  Beach  Island  in  Barnegat 
Light  at  the  east  end  of  26th  Street. 

The  station  is;  66.20'  south  of  PK  nail  in  pole  (i?T  3806);  50.41'  east  of 
PL  nail  in  pole  (/<26593);  35.00'  soin.h  of  C  of  26th  Street;  and  31.00'  north 
of  NE  corner  of  house  at  SE  end  of  26th  Street. 

The  station  is  set  flush  with  the  ground  at  the  toe  of  a  sand  du.ie. 
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station  ia  located  at  the  northern  end  of  Long  Beach  Island  at  Loveladles  near 
the  Intersection  of  Coast  Ave.  and  Arts  Lane  In  the  yard  of  the  Martin  Residence  on 
the  MW  corner  of  the  Intersection. 

Station  Is  75.18'  MW  of  PK  nail  in  pole  ()!fT-15903) ,  58.40'  ME  of  PK  nail  in 
pole  (P35348),  50'  west  of  Arts  Lane,  32.00'  SE  of  SE  corner  of  the  Martin  house, 

30'  north  of  £  Coast  Ave.,  and  15.00*  north  of  top  of  fire  hydrant  on  the  north  side 
of  Coast  Avenue. 

Station  is  set  0.1'  below  the  surface  of  the  ground. 
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Station  la  located  on  the  northern  end  of  Long  Beach  Island  at,  Loveladles 
near  the  '.ntersectlon  of  Long  Beach  Blvd.  and  Labia  Street. 

Station  la  35,75'  east  of  PK  nail  In  pole  (Ace  3463),  28.68*  SE  of  SE  corner 
of  porch  decking  on  one  story  swelling,  4.47*  north  of  a  PK  nail  In  top  of  fence 
post. 

Station  Is  set  flush  with  the  ground  on  slope  of  a  large  dune. 

Disc  reported  missing  March  1978  (W.A.  Blrkemelcr). 
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The  sCaCion  la  located  at  Harvey  Cedars  on  Long  Beach  Island  at  the  east 
end  of  87th  Street. 

The  station  Is  50.64*  SE  of  the  SE  corner  of  a  house  on  the  north  side  of 
87th  Street;  40.30'  NE  of  the  NE  corner  of  a  house  on  the  south  side  of  87th 
Street;  and  3.0'  SW  of  a  4"  x  4"  witness  post. 

The  station  is  set  on  top  of  a  h'gh  sand  dune  0.3'  below  the  surface. 


Azinuth  of  line  BE-7  ■=  289-41 


0Witnt(t  Post 
Abe  7  3+58 


2  Story 


CPL«C(f  D*  FORMS  l»BS 
NO  tSSO.  I  FC*  t7.  RMICM 

RC  ORfOLtri. 


Descm^TiCN  oa  REcovcav  of  horizontal  control  station 

Fm  t*s»  ml  *(•  Um,  •••  TM  Se237;  fK«  ptmmmmrnnf 
•wmmr  >•  U.S.CMtlRMfvl  Arm,  Cmmmr^. 


72 


ftTATIOM 


esKC, 

B.E.  -  8  (-)0+22 


<EASTtNC)INOn  THING) 

(M) 


CNIO  AZIMUTH.  AOO 


<rT)  iCRID  AND  ZOMC 

•••I  INJ  Trans.  Mercator 


irri  <^">0  and  zcrnc 


15'  South 


euevATtoN 

6.  16  Ml 


DATUM 

S.L.D,  1929 


eSTASLISMCO  BY  lACINCYl 

Corps  of  Engineers 


DATE 


11  Nov  197 


TO  THE  GEODETIC  AI'MUT. 


CEOD  DISTANCE  GRID  DISTANCE 

IMETENSI  (FEET,  IMETEASI  IFEETI 


The  Station  la  located  at  Harvey  Cedars  on  Long  Beach  Island  at  the  SE  corner 
of  the  Intersection  of  Long  Beach  Blvd.  and  E.  Essex  Ave.  It  Is  Inside  the  north 
corner  of  Che  fence  on  the  property  of  house  #2. 

The  station  Is  35.52'  NW  of  the  NW  coitier  of  hotsse  on  the  SE  corner  of  the 
Intersection  of  Long  Beach  Blvd.  and  E.  Essex  Ave.;  21.00'  SE  of  PK  nail  In  tel¬ 
ephone  pole  (#8140);  18.37'  west  of  PK  nail  In  Cop  of  east  end  of  fence  port;  and 
15.00'  south  of  fire  hydrant  on  south  sic'e  of  Essex  Ave. 

The  station  is  set  flush  with  the  ground. 
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The  acaclon  la  located  on  Long  Beach  1 
Che  Interaection  of  Paaaalc  Ave.  and  Lonj 
Pearlaceln  property. 

The  station  la  118.19'  west  of  PK  nail 
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Th«  •tatlon  la  located  on  Long  Beach  laland  at  Harvey  Cedara  aouth  of  aouth 
edge  of  Bergen  Ave.  near  the  Intereection  of  Bergen  St.  and  Long  Beach  Blvd. 

Vhe  atatlon  la  36.69*  SE  of  PK  nail  In  pole  (T15248);  32.46*  SW  of  FK  nail  In 
pole  (T3484:  and  17.00*  HE  of  NW  corner  cf  one  atory  houae  on  piling  which  la  the 
aecond  houae  froa  the  beach. 

The  atatlon  la  aet  0.3*  below  the  aurface  of  the  ground. 


Aalnuth  of  line  BE  10  -  297-31 


Bwgtw  Strtet _ 

Q^Powtr  - *G 


BE  10  OaOO 
Tine  BE  l4  I 


FOtM 

I  oct  •« 


1959 


ANO  (too.  I  FKS  99,  arMICM 


I  Story  House 
on  Pilings 


oescsiPTraN  os  secoverv  of  horizontal  control  station 

fm  »•>  t)  All  H*  TM  MJ7;  Hm 

•eMr  to  v.s.C(MtoMMi  Atmr  '• - r. 


♦tr- 


TY#C  OF  MAAK 


HA  1 QRQ  oeiCRiPTioH  or  ricoverv  op  morizomtal  control  jtatioh 

LIM  t  oet  •*  I  o.fiJ.rV  ••*  •*  •  •••  tr  i-217;  ih. 

•tmr  l>  U.T.CmIiwomI  Am,  f  T-iinnp. 
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1  O.S.A. 

Standard  Dlak  | 

i.OMaiTuoc 

74®10'35.18" 

2.138  049  i« 

1  (MOnTHINOHtAtTIMOl 

Urrzrrr 

(Ml 

MIO  AMO  XOMC  ICSTAaLISMCO  av  lASCMCVI 

HJ  Trans.  Mercator  ICorpa  of  EnKineers 


Station  Is  located  on  Long  Beach  Island  in  Ship  Botton  at  the  east  end  of 
12th  Street. 

Station  Is  64.00'  HE  of  HE  comer  of  house  south  of  12th  St.;  50.00*  east 
of  fire  hydrant  on  north  side  of  street;  31.50'  SE  of  SE  corner  of  house  north 
of  street;  and  11.90'  east  of  PK  nail  In  pole  #P9015. 

Station  la  set  flush  vltb  the  ground. 

Just  south  of  entrance  onto  Island. 

Aslnuth  of  line  BE  13A  -  301-52 


|2  Story  Hout 


Top  of  Dune 


O^ro  Hydrant 


BE  ISA  (M 


JO 

Pont  Pole 


-ine  BE  ISA 


Top  of  Dune 


I VZ  Story 


DA  .:??:.1959 


ANO  fB«B.  f  «f,  imiCM 


oesceiPTiOM  on  rkcoveky  of  horizontal  control  station 

Fat  au  af  Ala  Ian.,  laa  TM  $.217;  lAa  ataaaaial 
aaaaar  la  U.t.Caatlaaalal  Anar  CaawaaS. 


iA'i  ’  C'TAUIIJ'^ 


Standard  Dlak 


-14  (H-ys 


kdCAUTv  Long  Beach  lal, 
Ship  Bottooi,  HJ 


LOHaiTuoa 

74®H'07.63" 


S.  L.  D.  1929 


niWftd/IirJLT"' 


OmD  AMO  tONC 


smicl  HJ  Trant  Mercator 


CCASTIHOHMOaTNIMOl 


I  EEESCni 

I BM-!  tWHI 


l.!l-HtL'iiH.VJ 


AZIMUTM  oa  OmCCTIOM 

lacoocTicHoatoi 


QQQ3Q22n!QI 


aACK  AZ4MUTN 


isncisiascss 


atOD.  oifTAMCi  onio  oi$t*nci 

iMCTcnti  (FCCTi  lacTcnu  irccTi 


Station  la  on  Long  Beach  laland  at  Ship  Bottom  at  eaat  end  of  32nd  Street  near 
Interaectlon  of  32nd  Street  and  Ocean  Ave. 

Station  la  8S.60'  SE  of  top  of  fire  hydrant  NU  of  Interaectlon  of  32nd  Street 
and  Ocean  Ave.,  50.65'  SE  of  SW  corner  of  dwelling  ME  corner  Interaectlon  32nd  Street 
and  Ocean  Ave,,  50.00'  eaat  of  OceanAve.  fi,  29.20'  eaat  of  PK  nail  In  pole  (AC25775) 
19.30'  weat  of  NU  corner  of  awelllng  'at  SE  corner  Interaectlon  32nd  Street  and  Ocean 
Ave. 

Station  la  fluah  with  the  ground. 

Arlmuth  of  Line  BE-14  -  299-18 


Fire  Hydront 


Pa««r  Pal«« 


_32l!UUr«9t 


Z  Story 
Hou># 


.Stroft  Barrier 


1959 


HCPi-ACC*  OA  rOMMt  IMS 
AND  (••B.  t  PCS  BT.  wm*CM 


Power  Pole  _  i 

O  BE  KOrtS^ — Linf  BE14-_pJ 

2  Story  I 

I  Houee  ' 

I  tKCTCM 


OiSCHirTION  OR  RfCOVERY  OF  HORIZONTAL  CONTROL  STATION 
Fbo  vtB  •!  AIb  iBm,  BBC  TM  S>237;  iKb  pobcbsmob 
•fBscr  !•  UXCBNthiBiital  Amp  Cbmm4. 


■  ’Aten, 


TYPE  Of  WAHK 

Standard  Disk 


Beach  Haven  Crest  NJ 


LATITUOC 

39°36'30.98 


282  707 

IMOWTHlMCJieA^Tl'HC,'^ 


(*miO  AZIMUTH  ADO 
cmio  Az  lAoriisua  i 


'  I^ZIMUTH  on  OIHCC  TlOH  r 
I  lOeoOCTICIICHiO' 

_.i -  L«A«>ltT.'Cl  -  ; 


tSTABLISMCD  BV  (ACCMCYl 

:orps  o£  Engineers 
L-"Aft“  'To^ls 

17  Feb  78  ' 


TO  THt  CCODCTiC  AZ'MUTM 
TO  tht  geodetic  azimuth 


BACK  AZ'MUTH 


GEOO  OISTAHCE 
IMETCBSI  >EEET! 


GRID  OIST  ARC  E 
IMETERSI  iFEETi 


The  Station  Is  located  on  ’  ong  ‘  Island  in  Beach  HavE-n  Crest,  one  mi  U 

south  of  Beach  Arlington  Tank  at  the  east  end  of  Massachusct Cs  Ave.  at  the  toe 
of  the  sand  dunes. 

The  station  is  .i3.;S'  ME  of  NF  corner  of  porch  of  house  south  of  east  enti  of 
Mass.  Ave,;  40.00'  east  of  PK  nail  in  polo  T-d8  on  north  side  f  Mass.  Ave..  and 
17.90'  PF  of  SF  corner  of  porch  of  house  north  of  Mass.  Ave. 

The  station  is  sot  !.0'  below  the  ground  surface. 

Azimuth  of  line  Bl  i'^  =  'lOOO'i 


2  Story 
House 


BE  15 


Powtr  Pole  Q 


Mott.  Ave 


Line  BE  15 


(Street 

iBorrier 


I  Story 
House 


80 


A  rOIlM  1QCQ  ‘‘A'  ","!'?;!!.  DESCRIPTION  OR  BICOVERY  OF  HORIZONTAL  CONTROL  STATION 

U  A  *  -  I  ^3:7  ““  oV.oAVt  ...  .1  Al.  t.,.,  ...  TM  5-3JI:  ,S. 

•§•"«»  !•  U.$.Ca.1I».i.»I  A.n,  C.mi...d. 


8t 


|H0MTMIN6|II*STINai 


irTi  icastinckmouthimci 


cmo  AND  lONC 

NJ  Trans  Mercator 


irTI  SKID  AND  tOHC 


S.L.D,  1929 


CSTASLIIMCO  av  IACENCY) 

Corps  of  Engineers 


DATE  ORDER 

25  Nov  75 


The  station  la  on  Long  Beach  Island  at  Beach  Haven  on  the  centerline  and 
eaet  end  of  Taylor  Ave. 

Station  la  50.45'  SE  of  PK  nail  In  pole  #t-5093;  42.60’  NE  of  PK  nail  in 
pole  #ACT568;  and  6.08'  MW  of  PK  nail  In  street  barrier  post. 

Station  Is  set  flush  with  the  ground. 

Azls,uth  of  line  BE  17  -  295-58 


et 

A 

$ 

I  It 


Pawsr  Pal# 

o 


rttf  r  4W- 


A  riMM  OA  rOAM*  !••• 

vn  ARE  esMkSTS. 


DESCRIPTION  OR  RECOVERY  OF  HORIZONTAL  CONTROL  STATION 

Fai  am  aI  *IA  iA«A.  AAA  TN  S-217,-  fW  ftlAAAAAt 
»f»l  lA  U.t.CAMlAAAMl  Antf  CaAMAAaS. 


Standard  Dlak 


BE  18  1-HO 


AOCMCV  ICMT  W  H*nKtl 

Corpa'of  Englneera 


DATUM 


ItAtTIMSIlMONTHINai 


(STAaLISHtO  ST  lAOCMOTI 

Corps  of  Engineers 


OATS  onocM 

16  Feb  78 


The  station  la  located  on  Long  Beach  Island  In  Beach  Haven  at  the  east 
end  of  Iroquois  Ave.  extended. 

Station  la  SI. 51*  NE  of  corner  of  porch  of  house  at  SE  end  of  Iroquois 
Ave.  i  41.40'  SW  of  FK  nail  In  pole  (no  number);  41.00'SE  of  SE  comer  of  {orch 
at  the  NE  end  of  Iroquois  Ave.;  and  3.0'  east  of  street  barrier  at  the  end  of 
Iritquola  Ave. 

Station  Is  set  0.2'  below  the  ground. 


Azimuth  of  line  BE  18  •  297-50 


BE  IS  ll»0 


SIrisI 

Serrtar 


1 1  Slerr  Hsstt 


DA  ,S??«1959 

I  OCT  *4  I  ^  ^  OOtOLKTI. 


OEscBiPTiON  oa  aecwf RT  of  horizontal  control  station 

Fw  M*  M  aiu  Im,  m  TU  S-IJ7;  iKo  f  -^r  n  [ 

•fMT  M  mS.CMtoMMl  Amr  '• - 1 


SrjaSMRIWWW 


(MOurMfMaMCAiriMtfi 


fNOIITHIMO)ftA$TlMO) 


ITAMNINO  ON  MANR 

kONOiruOC 

ICAITINOKNONTNINOt 

i^ri 

laii 

(CAITINOHNORTHINOI 

l*-T) 

(M) 

Barv«y  Cedars  Beech  Erosion  Lines 


Aatncv  (CAST  in  manrsi 


CtTAetliHCe  SV  lAOtNCVI 

Corps  of  Engineers 


OATC 


II  .r.Td.i  tin. 


OlOD.  OISTANCI  OHIO  OitTAMCC 

(MTmi)  irCCT)  I  tMCTCIMI  (FCCTI 


The  B«ach  Erosion  lines  sre  located  cn  Long  Beach  Island  at  Harvey  Cedars  in 
the  vicinity  of  the  intersection  of  87th  St.  and  Long  Beach  Blvd.  The  coordinates 
and  elevations  of  the  stations  were  est.iblished  from  B.E.  7  3+58.  A  list  of 
coordinates  and  elevations  follows: 

teft.  « 


STATION 

fwriLfi- 

DEPARTUKE 

ELEV.(ft. 

)  TYPE  OT  MARK 

BE 

7 

3+58 

7 

320 

313 

2,150 

828 

19.29 

Bronze  Disk 

HC 

1 

0+00 

n~ 

322 

089 

2,151 

427 

14.26 

l\i"  plugged  pipe 

HC 

2 

0+00 

321 

820 

2,151 

320 

14.79 

llj"  open  end  pipe 

HC 

3 

(HOO 

321 

550 

2,151 

215 

12.98 

1%"  open  end  pipe 

HC 

4 

0+00 

19 

321 

263 

2,1M 

152 

15.51 

IV’  capped  pipe 

HC 

5 

0+00 

320 

994 

2,151 

031 

17.42 

Ilf"  capped  pipe 

HC 

6 

0+00 

*■1 

320 

710 

2,150 

953 

12.54 

Hi"  capped  pipe 

HC 

7 

0+00 

vt 

320 

459 

2,150 

821 

13.98* 

IV’  open  end  pipe 

HC 

8 

0+00 

320 

188 

2,150 

790 

15.04 

H"  plugged  pipe 

HC 

9 

0+00 

^0 

319 

938 

2,150 

700 

16.22 

1^"  pluggeo  pipe 

*note:  this  is  elevation  of  P.K.  nail  in  pole(T*1729) ;  W  above  ground  and  18' 
north  of  HC  7  0+00. 


DA.:r«1959 


MCPCACCt  o«  roAMt  <••• 

AMO  tAAO.  t  wmm  t?.  WHICH 


DeSCRIfTION  OR  RfCOVERY  OF  HORIZONTAL  CONTROL  STATION 
Pm  •<  All  ■»»,  m  TM  M17;  ik*  | — r~  ii  it 
•fHMT  U.S.Ci«tl»nn«l  Amr  CammuS. 


APPKNDIX  B 


MSL  SHOKKI.INK  POSITION  CHANGE 


Histaiico  measured  t'rc'm  shoreline  of  first  survev. 
Symbol  "X"  indicates  extrapolated  vahie. 


V 


88 


DiiTMce  in  1 


STORMS 

SURVEYS 


IM' 


DtHMce  \n  \ 


storms 

SURVEYS 


>962 


•sea  ’V69  ^970  19'1  '9?2 


STORMS 

SURVEYS 


I 


STORMS 

SURVEYS, _ lli,LiiiiiiJi;:'iii 


l«€2  194J  1994  IMS  1M( 


PROFILE  LINE  10 


IIITMCe  ill  I 


STORMS 

SURVEYS 


! 


IN2  IfU  tM4  «M1  MM  IM7  IfeS 


STORMS 

SURVEYS 


,  MB 

10€2  W€J 


m4  ms  m$  rm  ms  ) 


I  PROFILE  LINE  12 


STORMS 

SURVEYS^ 


Ijllllillllili 


1M3  1M4  mi  rtm 


PROFILE  LINE  13 


STORMS 

SURVEYS^ 


g 


1»«I  1tU  tM4  IH}  NM 


PROFILE  LINE  14 


STORMS 
SURVEYS 

i9e7  igej  iM4  i«e>  imb 


STORMS 

SUR'.'EYS 


1962 


1962  1964  1969  1966 


PROFILE  LINE  16 


SCIENCE  APPLICATIONS  INC  ftALEIOH  NC  P/6  13/2 

BEACH  CHANGES  AT  LONG  BEACH  ISLAND*  NEN  JERSEY*  1962-73. (U) 

OCT  60  M  C  MILLER*  D  6  AUBREY*  J  KARPEN  DACH72-79-C-0020 

CERC-MR-60-9  NL 


UNCLASSIFIED 


DtITMCe  (K 


STORMS 

SURVEYS 


'♦T» 


STORMS 

SURVEYS 


'*v*- 


STORMS 

SURVEYS 


STORMS 

SURVEYS 


APPENDIX  C 


PROFILE  LINE  SURVEY  DATA 


The  survey  data  for  Long  Beach  Island  are  tabulated  by  profile  line  number 
and  survey  date  (in  the  form  YYMMDD) .  Distances  are  in  feet  from  the  pro¬ 
file  line  bench  mark;  elevations  are  in  feet  above  or  below  MSL. 
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APPENDIX  D 

ABOVE  MSL  UNIT  VOLUME  CHANGE 
(referenced  to  initial  survey) 
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APPENDIX  E 
PROFILE  ENVELOPES 


Horizontal  distance  In  meters  with  zero  at  MSL  Intercept  of  first  survey. 
The  profile  envelopes  In  this  appendix  show  the  maximum  and  minimum  ele¬ 
vations  measured  along  each  profile  line.  The  seaward  ends  of  the  profile 
surveys  have  been  connected  by  the  automatic  plotter,  but  do  not  represent 
actual  profile  closure.  Since  these  are  envelopes,  the  plotted  upper  and 
lower  bounds  do  not  represent  a  profile  that  existed  during  any  of  the 
surveys. 
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